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Letter from the President 


September 28, 1943 


Dear SocreTY MEMBER: 

I am writing in the hope that I may encourage you as an individual member 
of the Society for the Promotion of Engineering Education to take a stronger 
part in building the engineering profession. By a coincidence, your President 
is, at the same time, Chairman of the Engineers’ Council for Professional De- 
velopment, and in the study, from these two points of view, of the engineer’s 
part and place in the post-war world, one finds the engineering teacher to be tn 
the key position. His responsibility is very great, and his opportunity for 
service to his profession and country is most challenging; if the engineering 
profession is to come into its own with a new understanding of its inevitable 
responsibility to society, the engineering teacher must bring it there. 

A strong professional consciousness is not a marked characteristic of engi- 
neers of today. The several national engineering societies have not found it 
easy to codperate on all matters of common concern. For the most part they 
have operated quite independently. This is natural, for the societies were 
organized independently and at different times when coordinated effort was not 
urgent. However, attempts at codperation were later undertaken. Some failed, 
but a few succeéded. Among the latter is the joint enterprise, E.C.P.D., or- 
ganized to cultivate professional development—including such activities as are 
represented by its committees on Selection and Guidance, Engineering Schools 
(which maintains an accredited list of engineering curricula), Professional 
Training, Professional Recognition, and Ethics. It is the hope that, becoming 
experienced in codperating on these matters, the societies will find it easier to 
cooperate on other matters that are, or may become, common concerns; and that 
the individual members may come to have a more adequate understanding of the 
profession. And especially in the achievement of this latter objective I hope 
that the members of the S.P.E.E. will take a greater hand. 

They can do so by codperating with the committees of E.C.P.D., in ac- 
cordance with a plan which has now been approved by the governing boards of 
several societies, including our own. Among other things, the plan contem- 
plates the codrdination, presumably by the local branch of S.P.E.E., of the 
several student branches on each campus with respect to problems involving 
professyonal development. An outline of this plan appears in this issue of the 
Journal. 

Among the problems which can thus be dealt with, there is one that stands 
out at the present time. A decade of study by the E.C.P.D. Committee on 
Professional Recognition to determine what constitutes the profession and thus 
what constitutes appropriate professional recognition has been sterile of im- 
mediate results. The decision was therefore reached to change the Committee’s 
policy with respect to its study: instead of searching for common grounds for 


205 





206 


WILL YOU HELP? 


professional recognition, the Committee would undertake to cultivate in the minds 
of new generations of engineers a professional consciousness and an under- 
standing of what the profession’s place in society should be and the individual 
engineer’s responsibility in relation thereto, so that when these generations 
reached maturity there would be more likemindedness among the individual 
engineers. Thus could the profession achieve the prerequisite understanding of 
its new role. It lies in the hands of engineering teachers to bring about this 
new understanding, and with the new plan by which the local campus groups 
can work directly with the Committees of E.C.P.D., the machinery is available 
for the purpose. I sincerely hope that you will make the most of it. 
Faithfully yours, 


Rospert E. Dowerty, 
President, S.P.E.E. 
Chairman, E.C.P.D. 


Will You Help? 


An OPPORTUNITY AND A PLAN FOR LOCAL CHAPTERS, SECTIONS AND BRANCHES 
oF A.S.C.E., A.S.M.E., A.I.E.E., A.I.M.E., A.I.Ch.E., S.P.E.E., 
N.C.S.B.E.E., E.1.C., ENGINEERS’ CouNCIL FOR 
PROFESSIONAL DEVELOPMENT 


ENDORSEMENT 


The proposals for joint activity of 
local units of the several national en- 
gineering societies along the lines of 
the suggestions set forth in this book- 
let and for the purposes for which 
those societies formed Engineers’ 
Council for Professional Development 
have been specifically and whole-heart- 
edly endorsed by the Boards of Di- 
rection of 


American Society of Civil Engineers 

American Society of Mechanical En- 
gineers 

American Institute of Electrical En- 
gineers 

American Institute of Mining and 
Metallurgical Engineers 

American Institute of Chemical En- 
gineers 

Society for the Promotion of En- 
gineering Education 

National Council of State Boards of 
Engineering Examiners 

Engineering Institute of Canada. 


BACKGROUND 


What is Engineers’ Council for Pro- 
fessional Development ? 

Engineers’ Council for Professional 
Development is a conference of engi- 
neering bodies organized to enhance 
the professional status of the engineer 
through the codperative support of 
those national organizations directly 
representing the professional, technical, 
educational and legislative phases of 
an engineer’s life. The participating 
bodies are those listed above as en- 
dorsers of this project. 


What are its Objectives? 

The general objective of E.C.P.D. 
is the enhancement of the professional 
status of the engineer. To this end 
it aims to codrdinate and promote ef- 
forts and aspirations directed toward 
higher professional standards of edu- 
cation and practice, greater solidarity 
of the profession, and greater effec 
tiveness in dealing with technical, so 
cial, and economic problems. 
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WILL YOU HELP? 


An immediate objective is the de- 
velopment of a system whereby the 
progress of the young engineer toward 
professional standing can be recog- 
nized by the public, by the profession, 
and by the man himself, through the 
development of technical and other 
qualifications which will enable him to 
meet minimum professional standards. 


What is its Program? 

E.C.P.D.’s program for the realiza- 
tion of this immediate objective con- 
sists of four principal parts: 

1. The development of further means 
for the educational and vocational ori- 
entation of young men with respect to 
the responsibilities and opportunities 
of engineers in order that only those 
may seek entrance to the profession 
who have the high quality, aptitude, 
and capacity which are required of its 
members. 

2. The formulation of criteria for 
colleges of engineering which will en- 
sure to their graduates a sound educa- 
tional foundation for the practice of 
engineering. 

3. The preparation of plans for the 
further personal and professional de- 
velopment of young engineering grad- 
uates, and also of those without formal 
scholastic training. 

4. The development of methods 
whereby those engineers who have met 
suitable standards may receive corre- 
sponding professional recognition. 


How does it Function? 

E.C.P.D. recommends to the gov- 
eming boards of the participating 
bodies those procedures which it be- 
lieves will promote the objectives for 
which it was organized. It may ad- 
minister such procedures as have been 
approved by the governing boards, if 
so instructed, but usually the admin- 
istration of approved procedures is 
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placed in the hands of existing agen- 
cies within the organization of the na- 
tional societies. E.C.P.D. is primarily 
a conference which studies and recom- 
mends, counsels and guides, rather 
than an agency for administration of 
details, as is well illustrated in the 
proposals contained in this booklet. 


How is it Organized? 

Each participating body has three 
representatives on E.C.P.D. Each rep- 
resentative is appointed by his sponsor 
society for a three year term and one 
representative of each society is ap- 
pointed each year. These twenty-four 
representatives are the Council. They 
elect their own officers and appoint the 
standing and_ special committees. 
Chairmen of the committees become 
ex-officio members of the Council 
without vote. 

There are four standing committees, 
each concerned with one of the four 
principal parts of the program out- 
lined above. These committees are, 
respectively: Student Selection and 
Guidance; Engineering Schools; Pro- 
fessional Training; and Professional 
Recognition. 


THE PROBLEM 


To use existing organization units 
more effectively for the purpose 
of carrying out E.C.P.D.’s ob- 
jectives. 


E.C.P.D. has an adequate organiza- 
tion for 

a. dealing with the Boards of the 
participating bodies, 

b. carrying on its general admin- 
istrative business, including the 
study and formulation of pro- 
posed procedures and policies, 
and 

¢. pursuing certain approved ob- 
jectives. The standing commit- 
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tees do this in part directly 
where approved, and in part 
through committees or other 
agencies of the participating 
bodies. 


However, these special arrangements 
in (c) are not wholly adequate for 
carrying the work of the Council and 
standing committees to the individual 
engineer, because 


a. Students and teachers in prepar- 
atory and engineering schools, 
graduates and practicing engi- 
neers are not sufficiently aware 
of and profiting from E.C. 
P.D.’s work, and thus the de- 
velopment of the profession is 
correspondingly retarded, 

b. It seems both undesirable and 
impracticable for E.C.P.D. to 
undertake to be the direct op- 
erating agency to do what must 
be done at the level of the in- 
dividual, if a reasonable rate 
of progress toward Council’s 
objectives is to be achieved. 

Hence, E.C.P.D. has looked to the 
problem of channeling its work more 
effectively through existing organiza- 
tions. 

The channels already exist. All that 
is necessary is to bring together in 
local engineering committees the now 
separated ends of these channels, as 
they are already brought together at 
the source through E.C.P.D. 


THE PLAN 


In almost every urban and indus- 
trial center and on every engineering 
college campus there are terminal 
points of these channels in the form 
of local branches, chapters or sections, 
including student branches, of the na- 
tional engineering societies, and of 


S.P.E.E. 


WILL YOU HELP? 


The Plan is that in such urban or 
collegiate centers, joint groups be or- 
ganized to work in the local field on 


. the immediate objectives of E.C.P.D, 
under the general inspiration and guid- 


ance of E.C.P.D.’s four standing com- 
mittees. 

If the plan were carried out, the 
existing channels from each of the 
national headquarters of the participat- 
ing bodies to the local units of those 
societies would be utilized more effec- 
tively for the flow both ways, between 
Council or its committees and the local 
joint group, of information and in 
spiration. It is a part of the plan that 
the local groups enter into direct cor- 
respondence ‘with the standing commit- 
tees of E.C.P.D. in order mutually to 
take advantage of the inspiration, en- 
thusiasm and experience of individuals 
working locally and nationally in cor- 
responding fields. Thus, each local 
group would feel assured that it had 
both the approval of and an urge by 
the national body for active participa 
tion in the joint programs represented 
by E.C.P.D. Thus, the approved pol- 
cies and programs of Council and its 
committees could find effective national 
expression at the level of the individual 
engineer. 

The accompanying chart iridicates in 
a graphical way the plan here described. 


WHERE TO BEGIN 


Local sections or chapters of mem- 
ber societies might best become active 
in promoting work on selection and 
guidance patterned along the lines of 
procedures already developed in cer 
tain metropolitan areas in connection 
with the work of the E.C.P.D. Com 
mittee on Student Guidance. This 


committee endeavors to develop meats 
for the educational and vocational of 
entation of young men as to the fe 
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WILL YOU HELP? 


sponsibilities of the engineer and op- 
portunities in engineering, in order 
that only those who have the high- 
quality, aptitude and capacity required 
of engineers seek to enter the profes- 
sion. Codperation with local high 
schools in conducting vocational coun- 
seling work with prospective students 
and in planning programs to stimulate 
interest of parents and students in en- 
gineering is an important part of this 
activity. The experiences of a number 
of local groups already organized and 
carrying on work in this field are de- 
scribed briefly at page 47 in the Eighth 
Annual Report of E.C.P.D. for the 
year ending September 30, 1940. Re- 
prints of the material referred to are 
available. 

A number of local groups have also 
been organized for work among young 
graduate engineers, to assist them to 
become oriented and active in their 
own professional development. This 
activity is discussed at page 25 in the 
Ninth Annual Report of E.C.P.D. for 
the year ending September 30, 1941. 
A manual designed for the guidance 
of the young engineer during his for- 
mal educational period and during the 
ensuing apprenticeship is now in prog- 
tess of preparation by the E.C.P.D. 
Committee on Professional Training. 

A project which should be of par- 
ticular interest to Student Chapters or 
Branches and one in which they can be 
most helpful is that sponsored by the 
Committee on Professional Recogni- 
tion and. directed toward the develop- 
ment of an understanding of the en- 
gineering profession on the part of 
engineering students. Sections and 
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chapters can also make a worthwhile 
contribution by undertaking a similar 
project for the benefit of the younger 
engineers in their territories. Sugges- 
tions on what to do and how to do it 
will be found in the forthcoming Elev- 
enth Annual Report of E.C.P.D. for 
the year ending September 30, 1943. 

Committees of E.C.P.D. will gladly 
give assistance by answering questions, 
by supplying information as to the 
experiences of other local groups, and 
by making suggestions based on their 
observations. 


How To BEGIN 


There is no prescribed procedure. 
Experience has shown that the best 
results are obtained by leaving details 
in the hands of the local groups. How- 
ever, the following suggestions may 
be helpful. 

Arrange an informal meeting with 
the leaders of other engineering or- 
ganizations in your locality for the 
purpose of exploring what most ur- 
gently needs to be done in your terri- 
tory to promote the immediate objec- 
tive of E.C.P.D. 

Report your findings, your plans as 
they develop, your difficulties as you 
encounter them, and your progress, 
periodically, through the normal chan- 
nels of communication and organiza- 
tion in your particular society. Ask 
for information and assistance in the 
same way. 

Inquiries may be addressed to 

Engineers’ Council for Profes- 
sional Development 

29 West 39th Street, New York 
18, New York 


Complacency in Confusion * 


By ROBERT E. DOHERTY 
President Carnegie Institute of Technology 


Most people live in a state of com- 
placent confusion. College students 
and graduates are no exceptions. How 
many of them, for instance, have only 
a vague and confused notion of the 
fundamental principles of their pro- 
fessional study or practice; how many 
of them are content to live without a 
clearly thought-out philosophy of life; 
how many of them are inclined to think 
with their emotions instead of with 
their minds; how many, disillusioned 
by events of the past decade, are in- 
tellectually lost and assume the role of 
the cynic; how many, I ask, thus bear 
their own evidence of confusion? I 
believe you will agree with me that the 
number is discouragingly great. 

The consequences of complacent con- 
fusion are serious. If these conse- 
quences were personal only, if they 
were merely the unrewarded personal 
careers, or the travail of minds that 
see no way out of new and trying sit- 
uations, or the sterile satisfactions that 
go with intellectual poverty, they would 
be serious enough. But the conse- 
quences do not end there. They be- 
come national in scope when confused 
minds decide matters of destiny, for 
our democracy rests full-weight upon 
the proposition that the people are 


* Address to students at the Carnegie Day 
exercises, Nov. 26, 1940. Reprinted from 
Electrical Engineering, May, 1941, at the 
request of several members from different 
parts of the country. 


competent to determine their destiny. 
If they depend upon leadership, as 
they must, and leadership is confused, 
the consequences in national and local 
community life must be devastating, 
and indeed they have been devastating. 
And by leadership I do not mean fed- 
eral leadership alone. It is only a 
part of the whole. I mean every pol- 
icy-making body or policy-making 
person in the country, whether in busi- 
ness, industry, education, or govern- 
ment. The general direction of flow of 
national and community life depends 
upon the general policy pattern consti- 
tuted of all the individual policies of 
these agencies, and the people must 
accept that flow of life. Hence the 
consequences of confusion may strike 
you on two serious counts. They may 
strike you personally and professionally 
if you elect to join the large ranks of 
the confused, and then you may con- 
tinue to be the victims with all the rest 
of us of confused leadership. You 
thus have a definite and direct personal 
interest in this matter, and also a very 
important interest as a citizen even if 
this may appear to you less direct. 
And my purpose this morning is to 
help you recognize your interest and 
to encourage you to do something 
about it. I realize that the immediate 
direct personal interest is, from yout 
point of view, probably a more com 
vincing basis for my appeal to you, but 
since the general social interest is not 
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less important to you, I wish to pursue 
it further. 

In the confused and demoralized 
world in which we now live, and which 
will certainly become more confused 
and more demoralized, there is a great 
challenge to the college students of 
America. It is the challenge to become 
intellectually prepared to deal with 
such a world, to meet with intelli- 
gence, courage, and confidence the new 
and trying situations which rapid 
changes are now bringing about. In 
such a world, which will be the world 
of your generation, life in America 
must be profoundly affected. National 
life will be difficult. Individual life 
will be difficult. The formulas of day- 
to-day contemporary life won’t suffice 
because many of them won’t apply to 
the new situations. New formulas 
must be thought out, and in this think- 
ing there must be a return to the very 
fundamentals of science and _ living. 
There must be a clarification of basic 
philosophies — personal, professional, 
social There must be clear, straight 
thinking. And to have these there 
must be genuinely educated people. 
Walking encyclopedias and handbooks 
will accomplish little. College gradu- 
ates who have learned only the rou- 
tine skills and formulas of their work, 
will be intellectually lost in a world of 
new problems and thus will be ineffec- 
tive in determining either social or in- 
dividual destiny. There must be an 
intellectual renaissance, and that is 
your challenge. 

I have mentioned confusion and its 
consequences and how I find these re- 
lated to your own interests. I wish 


now to consider with you the question 
of why in a nation of incomparably 
great educational opportunity there 
should be such pervasive confusion; 
why it is that the experience of six- 


teen or eighteen years of formal study, 
especially the period of college study, 
does not cultivate in more students a 
deeper understanding and a greater 
intellectual competence? And after I 
have considered this question, I shall 
indicate more fully the nature of the 
task you will face if you set out in 
earnest to cultivate your own mind to 
its full capacity. 

Does the habit of confusion and 
superficiality among so many college 
graduates stem from an inherent lack 
of intellectual capacity? Many times 
I have heard this given as the reason. 
But my personal experience with stu- 
dents and large numbers of young 
graduates does not confirm this defeat- 
ist view. Now I know it is a long 
hard struggle for most of us really to 
learn the art of constructive thought, 
but I know too that many of us have 
more capacity for understanding and 
for intelligent thought than are given 
credit for having it. In college we 
may be slow in getting our thinking 
gears in mesh, and if, while we are 
trying to get them in mesh the ex- 
ternal machinery of classroom pro- 
cedure moves too fast, the gears get 
stripped. Then disorder and confusion 
result. However, with a little more 
patience and a little more emphasis at 
the right points, more of us might 
have got our mental machinery into 
gear, and successfully made the shifts 
until we got into high gear. No, I 
do not accept the view that inherent 
limitations of mind fix the intellectual 
achievements of college graduates at 
their present levels. We all have our 
own limits, of course, and these are 
not the same for everybody; but I am 
convinced there is still good leeway 
between actual and potential intellec- 
tual achievement. So we must look 
elsewhere for the trouble. 
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I have already hinted at it. We 
strip the gears. The trouble is that 
too much is undertaken in the time 
available. In the modern curriculum 
there is so much subject matter to be 
covered that few, if any, students can 
in the time available cover all of it 
with understanding. The result is 
that they do not understand much of 
what they have covered, or only partly 
understand it. They come to depend 
more and more upon memorizing, and 
less and less upon understanding. This 
process of racing through, with one 
eye on the next quiz, pages of words 
and formulas with half understanding 
or no understanding is utterly demora- 
lizing. It is repeated in American col- 
leges day after day, month after month, 
year after year, until superficiality be- 
comes a habit, until confusion becomes 
accepted as a normal state of mind. 
And with such a habit firmly estab- 
lished in college, it naturally persists 
afterward; and thus confusion and 
superficiality mark the minds of too 
many graduates. And that, fellow stu- 
dents, is the trouble. 

It is therefore a deplorable fact that 
the college diploma is usually not a 
certificate of a cultivated mind. Rather 
it may signify only that the graduate 
has acquired the requisite number of 
credits by meeting the course require- 
ments of grades, lessons, and attend- 
ance. And the meeting of these re- 
quirements is no guarantee of intellec- 
tual competence in the sense that I am 
stressing. The work may have been 
fully done and good grades received 
and still the diploma might not be a 
certificate of a cultivated mind. I mean 
a mind that can cope with new situa- 
tions, a mind that can intelligently find 
its way out of perplexities, whether 
these be professional, personal, or so- 
cial, and that has the capacity of hu- 


COMPLACENCY IN CONFUSION 


mane appreciation. The test for iden- 
tifying a cultivated mind is to face it 
with perplexities—to face it with new 
situations not in the books but in- 
volving principles and knowledge which 
that mind has studied. Then see how 
it behaves. Does it grab for straws, 
does it become emotional, is it evasive, 
does it give up? Or, on the other 
hand, does it try to anchor to principle, 
does it have a philosophical base for 
its thought, has it essential knowledge, 
however limited, that will give mean- 
ing to its principles and to its philos- 
ophy, and can it think logically in 
applying all of these to the under- 
standing and solution of the new situa- 
tions with which it is faced? Or, I 
might state the point in still different 
words. An educated person is one 
whose intellect has been cultivated in 


the processes of understanding, of . 


thinking, of appreciating, of solving 
perplexities; and the only way yet 
found that I know of cultivating these 
processes is actually to engage in them, 
to experience them, and to keep on ex- 
periencing them at increasing levels of 
difficulty. Thus, the question whether 
at commencement you, and indeed all 
other college graduates, will have 
achieved the status of educated per- 
sons will not, I am afraid, be answered 
completely by the fact that you and 
they have received diplomas. More- 
over, neither will the extent to which 
you have approached that status be 
necessarily measured by the number of 
courses you have taken, nor yet infalli- 
bly indicated by your grades. But you 
can measure it. You can tell whether 
you understand thoroughly what you 
have studied, whether you have grasped 
great truths and worked them into your 
thinking so that as time goes by you 
can think your way out of situations 
and problems of increasing difficulty. 
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You can know your own mind. Don’t 
rest upon the assumption that a col- 
lege diploma tells the whole story. It 
does signify that you have completed 
a college program, and it may also be 
a ticket to a job, but it is not a ticket 
to the ranks of intellectual compe- 
tence or to a successful career. 

I am trying to have you grasp what 
I consider to be the most important 
thought in your educational career. It 
is this: that genuine education—the 
only kind of education that will help 
you advance professionally and that 
will help you live a life of service and 
satisfaction in a changing world—is 
not to be achieved merely by memoriz- 
ing large quantities of miscellaneous 
information; it is not to be achieved 
merely by learning formulas, impor- 
tant as many of these may be; still 
less is it to be achieved by memoriz- 
ing the words or the symbolisms of 


such information without understand-_ 


ing what they mean. It is to be 


achieved only by the acquisition of 


fundamental knowledge that is thor- 
oughly understood and by the devel- 
opment of a purposeful attitude of 
mind and of a competence in thinking 
your. way out of perplexities. 

I realize I am on delicate ground. I 
run the danger of suffering your judg- 
ment that I indulge in pedantic counsel 
to you, and the faculty’s judgment 
that my appraisal may be too pessi- 
mistic. I hope that I may not de- 
serve such judgments; but if I seem 
to, may I ask that before the judgment 
becomes final, you at least think over 
carefully what I say and place it 
against the background of the world 
changes that you see on all sides of 
you. 

In any case, don’t misunderstand 
me. Memorized information and for- 
mulas are of course important, indeed 


they are essential, but only so if they 
are thoroughly understood and further- 
more are related in your own mind to 
a definite intellectual purpose. Then 
they cease to be miscellaneous infor- 
mation and become knowledge. For 
instance, it is futile to learn, however 
perfectly, the language of Newton’s 
laws of motion unless the significance 
of the language is clearly compre- 
hended in its relation to the tangible 
physical facts which these laws cor- 
relate; in other words, unless one can 
visualize and interpret a physical sit- 
uation involving these laws. 

Let me be more specific regarding 
the nature of genuine education as I 
conceive it. I will discuss four essen- 
tial elements which I have already 
mentioned in passing. The first is the 
acquisition of fundamental knowledge ; 
that is to say, the learning and under- 
standing of great basic truths and of a 
sufficient background of related fact to 
give definite and constructive meaning 
to those truths. And as great truths I 
include those in the physical world, in 
the social and economic world, and in 
the realm of the human spirit. There 
are not many of them. I refer to such 
principles as the law of conservation of 
energy, the law of diminishing returns, 
the principle underlying the Golden 
Rule. There are of course hundreds, 
perhaps thousands, of principles and 
formulas derived from such basic 
truths, much as the numerous theorems 
of geometry are derived from a few 
fundamental premises; and then there 
are perhaps a few hundred more based 
on somebody’s opinion. But it would 
be both hopeless and futile to under- 
take to learn all of them. One must 
discriminate between these and the 
great truths that form the bedrock of 
intelligent thought. 
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A second element is the development 
of a philosophy of life. This is a long 
process. It is settling upon basic pur- 
poses and attitudes in life and the rea- 
sons for them; it is placing the indis- 
pensable underpinnings of faith and 
courage and self-confidence. It is a 
continuing building process—the proc- 
ess of testing against the experience of 
your own life and the recorded life of 
others those purposes and attitudes 
that are tentatively adopted, and of 
thus selecting and fitting in, piece by 
piece, the structural units of a life 
purpose. For instance, one important 
and immediate unit in this structure 
with which you are now presumably 
concerned is professional purpose. I 
do not mean the specific details and 
place of your future work, but the 
broad lines of professional activity 
that now seem to offer the greatest 
promise of those satisfactions which, 
after careful thought, you have come 
to cherish. 

Next I mention humane apprecia- 
tion. A mind or life that shuts itself 
off from an understanding of man as 
a human being; that shuts itself off 
from an appreciation of the desires 
and disappointments, the yearnings and 
satisfactions that motivate human ac- 
tivity; that shuts itself off from an 
appreciation of the literature and arts 
through which the human soul has 
attempted to express itself—such an 
isolated mind or life is only half hu- 
man, and therefore not genuinely 
educated. 

And finally I come to intellectual 
competence. Without this competence, 
the other elements I have mentioned— 
fundamental knowledge, a philosophy 
of life, and humane appreciation— 
would représent merely passive satis- 
factions. Such satisfactions are of 


course important fruits of education. 
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But they do not constitute a whole; 
they are complementary to another 
fruit—the fruit of constructive thought, 
And to achieve this competence in 
thinking one’s way out of perplexing 
situations is to round out that genuine 
education which I am urging upon you, 

Do you want that kind of an educa- 
tion? Do you wish to prepare for 
keen competition? Do you wish to 
preserve your precious liberty of 
thought, speech, and worship? 

If you want these things you can 
have them, provided you pay the price, 
I doubt that the price is any higher 
than you are now paying, for I know 
most of you are already working hard. 
But it is a different kind of price. It 
is the price of taking the initiative in 
your educational work. This demands 
of you greater resolution than does 
merely following the regimen of class 
work. It requires greater devotion to 
purpose. 

No one can possibly do this educa- 
tional job for you. The assumption 
that the instructor can do it for you is 
the basis for more educational confu- 
sion than any other I can think of, 
save one, namely—the assumption that 
education is achieved by memorizing 
a lesson merely in order to report it 
back on a quiz and get a grade. A 
recent definition, if I may be facetious, 
is that education is the process by 
which the instructor’s notes get into 
the notes of the student without pass- 
ing through the brains of either. No, 
the kind of education I am proposing 
can’t be given to you; you must win it 
by hard intellectual struggle in’ which 
you take the initiative. The faculty 
may inspire you to intellectual effort, 
but you must exert it. The faculty 
can help you to understand, but you 
have to do the understanding. The 
faculty can coach you in the art of 
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logical thought, but you must do the 
thinking. And the faculty can help you 
to cultivate good taste and humane ap- 
preciation, but you have to do the 
cultivating. Every time you struggle 
with a new concept and master it— 
for instance, a physical law, or an eco- 
nomic theory, or a concept of art—you 
will have made an educational ad- 
vance, you will have added to your 
intellectual stature. And furthermore, 
every time you make use of such a 
law or theory or concept to think your 
way out of a perplexity or to experi- 
ence a new appreciation, you will have 
achieved another and further intellec- 
tual advance. But in both cases you 
must do the job. You, not the coach, 
must carry the ball. 

So I urge you to take the initiative 
and learn to use your heads. In the 
first place, dig -yourself out of confu- 
sion. Insist on understanding! Do 


away with superficiality! Stop memo- 
rizing words and formulas that you 
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don’t understand, merely for a grade. 
Don’t go on cultivating a habit that 
will cripple your mind for the rest of 
your days—the habit of superficiality, 
the habit of accepting confusion as a 
normal state of mind, the habit of 
playing on words that carry no mean- 
ing. You know when you understand 
and when you don’t; when you grasp a 
point that is clear and clean cut and 
when, instead, it is blurred and con- 
fused. With all the emphasis in me 
I repeat: insist on understanding! 
Then, under the guidance of the fac- 
ulty in your regular class programs, 
but under your own initiative, you 
will be in position to go forward more 
effectively and more rapidly with the 
acquisition of great truths, the evolu- 
tion of a philosophy of life, the culti- 
vation of humane appreciation, and the 
development of intellectual compe- 
tence—in other words, a genuine edu- 
cation gaged to the demands of the 
changing world in which you will live. 


Suggestions on How to Study 


A Talk Before Freshmen Engineers 


By H. P. HAMMOND 
Dean, School of Engineering, The Pennsylvania State College 


No completely satisfactory treatment 
of this subject has ever been written. 
Perhaps this is because, when it is re- 
duced to fundamentals, the treatment 
becomes so abstract as not to have 
practical value. The subject is difficult 
to deal with also because differences in 
individual students and courses of 
study are so great that a plan of study 
suitable for one is not always suitable 
for another. The best I can aim to 
do, therefore, is to offer some sugges- 
tions based upon my own observation 
and those of other teachers. Since 
they are intended to apply to a single 
field of study in which conditions are 
reasonably uniform, they may be useful. 

One thing is clear: a great many en- 
gineering students show unmistakable 
evidence of need for improvement of 
their study habits; and it is probable 
that every student, including the best, 
could profit by systematic improve- 
ment of his methods of study. 


* * * 


“Education is an opportunity, noth- 
ing more. It will not guarantee suc- 
cess, or happiness, or contentment, or 
riches. Everything depends upon what 
development is produced by it and what 
use is made of it. . . . What the stu- 
dent gets out of his education depends 
upon what he puts into it. The stu- 


dent is not an empty vessel to be 
pumped full of learning. . . .”* 

The first axiom of learning is that 
we benefit from it in direct proportion 
to the effort we put into it. The most 
serious error into which anyone can 
fall in connection with education is that 
one can acquire it merely by being re- 
ceptive. Evidence of this comes fre- 
quently from students who say they 
understand the subject in the classroom 
but fail on the blue books. These stu- 
dents may not recognize it, or they 
may not even admit it when it is 
pointed out to them, but in the majority 
of cases the reason for this is that they 
have merely paid close enough attention 
in class to understand, but have not 
mastered the subject by really working 
at it. 

It cannot be repeated too often or 
emphasized too much that we learn by 
doing + things for ourselves, not by 
having them done for us. We may get 
inspiration and insight from a lecture 
or from the classroom method of “hav- 
ing the teacher recite the lesson for us” 
but we do not, in general, acquire last- 
ing knowledge or skill or the ability to 


*How to Study,” by George Fillmore 
Swain. McGraw-Hill Book Co., Ine. 

+ This is sometimes stated as one of the 
so-called laws of learning: “We learn by 
doing and we unlearn by not doing.” 
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do things except as we do them our- 
selves. 

If this lecture did nothing else but 
impress upon you the basic fact of 
education that the only worth while 
learning is that which we acquire 
through effort and by doing and ex- 
periencing things, it would have ac- 
complished a thoroughly worth while 
purpose. 

A second fact * concerning ‘educa- 
tion is that we learn best that from 
which we get satisfaction. This so- 
called law is too often misapplied to 
mean that we can do or do well only 
those things which we think we might 
like to do. It is too often used as an 
excuse for getting out of things that 
seem at first to be difficult. A fairer 
and better interpretation of this so- 
called law, and certainly one more cal- 
culated to bring about more personal 
improvement, is that we learn best 
when we get that degree of satisfaction 
which comes from having done success- 
fully something that required real ef- 
fort to do. In other words, I should 
make this second law a corollary to the 
first. 

If life in general or an engineering 
education in particular were made up 
of easy things it would soon become a 
pretty flat and profitless affair, En- 
gineering and engineering study have 
a good many things in them that are 
challenging because they are difficult. I 
am glad that this is so because it is 
such things that make life really worth 
while and give us lasting satisfactions. 

No one should attempt engineering 
a a career who does not accept this 
statement as a fact. The student who 
doesn’t succeed in something “because 
he doesn’t like it” often is trying to 
excuse his failure to make enough ef- 


*This also has been stated as one of the 
laws of learning. 


fort to surmount a difficulty. If, when 
this thought occurs, we remember that 
development of mind is produced in 
precisely the same way that develop- 
ment of muscles is produced, that is, 
by exercise, we might be discouraged 
less easily. Another fact deserves em- 
phasis also, that the surmounting of 
one difficulty makes easier the sur- 
mounting of each subsequent difficulty. 
If we continue this process of taking 
each hard thing in turn and mastering 
it, we soon acquire in a surprising way 
a power to overcome difficulties that is 
one of the great satisfactions of life. 
It is one of the most valuable attrib- 
utes of most professional careers, in- 
cluding engineering, that they possess 
this attribute to a high degree. 

Every professional career requires 
its quota of long hours of hard and 
often monotonous work—drudgery, if 
you will. This is true whether it is 
specific skills that are being acquired 
or principles that are being so mastered 
that they can be applied with certainty 
to new situations. If you would have 
examples of this, think of the years 
that the musician must work on the 
rudiments of voice or finger technique, 
or the long period the surgeon must 
spend at the dissecting table. Engi- 
neering too requires long hours of hard 
and sometimes onerous work over the 
drawing board or in the laboratory or 
at the study table. It is this effort that 
develops mental “muscles” and gives 
the successful student the lead over 
those who have not had such good op- 
portunities to develop themselves. In 
saying this I wish to be understood 
also as pointing out that effort pro- 
duces development when it is directed 
to ends that are recognized as valuable 
to the individual who makes the effort. 
It is one of the functions of us as your 
faculty to lead you to an appreciation 
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of the values of an engineering edu- 
cation. 

I am mentioning this because of the 
values there are in the hard work that 
is ahead of you, and also as a warning, 
before it is too late, to those who are 
not willing to face the years of effort 
that engineering requires both in col- 
lege and in after life. A man may be 
a mediocrity in engineering by exert- 
ing himself only moderately, but I have 
never known a successful engineer who 
wasn’t a hard worker. 

A third important fact about engi- 
neering study is that it requires ability 
to concentrate. It is important, there- 
fore, to know when we really are work- 
ing effectively. It is not at all un- 
common to find people who fool them- 
selves in this respect. They say, and 
perhaps think, they are working hard 
when they merely spend long periods 
over their books without really having 
their whole minds on them. Actually 
they are not concentrating ; their men- 
tal processes are scattered and much 
that they look at is poorly compre- 
hended or sometimes scarcely seen at 
all. Oftentimes this is due to failure 
to “put on the pressure” to the extent 
to which the individual is really capa- 
ble; sometimes it is due to fatigue. 
When the latter is the case, there is 
only one thing to do: change the ac- 
tivity at once, or rest. 

Ability to concentrate is one of the 
most valuable attributes that one can 
possess. Oftentimes it must be ac- 
quired. Fortunately, this can be done, 
but a good many individuals find this 
a long and difficult process. If one is 
to get far in engineering, however, it 
is indispensable. Some self-analysis is 
needed in acquiring the ability to con- 
centrate;.and it must be completely 
honest self-analysis. If there is any 
one prescription that can be given for 
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- ficult job until the job is overcome; 


acquiring power to concentrate, it may 
be inherent in what I-have said pre. 
viously, that is, by sticking to each dif- 


then passing on to the next. It wil 
soon be found that ability to concen- 
trate develops as this process is con- 
tinued. In other words, ability to over- 
come difficulties requires ability to 
concentrate. 

Related to the need for concentration 
is the need to use time effectively, 
Engineering curricula are sometimes 
said to include more material than a 
student can learn thoroughly. This 
may be true unless all available time 
is used efficiently. Here again self- 
analysis is called for, because some in- 
dividuals learn more quickly than 
others. But no matter whether an in- 
dividual is quick or slow, the proper 
use of time is exceedingly important. 
Time is one thing we all possess equally; 
it is also the one thing that once spent 
can never be recovered. 

The nature of your curriculum is 
such, therefore, that you will need to 
plan your work and your other activ- 
ties systematically. This will require 
not only scheduling your time, but it 
will also require care in selecting the 
things you plan to do in order of im 
portance: class attendance, study, work 
for self-support, exercise, recreation, 
sports, church attendance, educational 
activities outside of the curriculum, 
sleep, meal hours, and so on. Life in 
college can be very full and fruitful 
In a very real sense college years cal 
be the best years of one’s life, sine 
they comprise the period of greatest 
opportunity for self-development. Or, 
on the other hand, college can be4 
pretty flat and valueless experient, 
made up of indifferent class attent- 
ance, indifferent study, half-hearted 
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participation in student activities, and 
waste of time all along the line. 

Each individual has the chance to 
choose how he shall use his time to 
best advantage. Never again in all his 
life will he be so free to determine on 
his own volition how much he is to 
gain from his opportunities by devot- 
ing his-time to a well balanced selec- 
tion of those that are most worth while. 

In alloting time to various activities 
it is important to have a sense of rela- 
tive values. To the question “What 
is most important?” there can be but 
one answer for the student of engi- 
neering: his academic work. Other 
kinds of activities are both valuable 
and necessary, but they are secondary 
to the major business of college. If 
you don’t feel like taking my unsup- 
ported word for this, ask any success- 
ful engineering senior. Time for class 
attendance and study, therefore, must 
have priority over everything else ex- 
cept the necessary business of sleeping 
and eating. But time must also be 
alloted to other things, particularly to 
exercise and recreation, for the sake 
of one’s health if for no other reason. 

Many students who may never have 
thought of doing so, would find it 
profitable to make a systematic allot- 
ment of time for various activities. It 
is surprising how much more profitably 
time can be used and how much more 
can be accomplished if this is done. 
But, as in other things, such planning 
should be done sensibly; it should not 
be so overdone as to require the slav- 
ish following of a fixed routine. The 
idea is to make full use of the advan- 
tages that time affords in accordance 
with the relative values of various 
things that can be done—it is not al- 
Ways inflexibly to do the same thing 
at the same instant. 
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Having fixed upon some general plan 
or conception of distributing one’s time 
for general purposes, and having al- 
loted adequate time for study, it re- 
mains to allot study time itself in 
proper proportion between the three 
kinds of courses that comprise engi- 
neering curricula: recitation, design, 
and laboratory. It is necessary also— 
more necessary than is often appre- 
ciated—to divide one’s time properly 
between study and written work. In 
all study, it is also necessary to distin- 
guish between essential material and 
supplementary material and to give 
greater weight to the former. There 
is almost no superfluous subject mat- 
ter in an engineering curriculum, but 
some material is more important than 
other material. As you go along you 
should endeavor to select the more im- 
portant, possibly asking aid from your 
teachers in doing so, and to concentrate 
on it. 

All three varieties of courses—reci- 
tations, design, and laboratory—con- 
tribute to the values of an engineering 
education. Each complements the 
other, so that it is impossible to draw 
hard and fast distinctions as to relative 
values. Study of text material and 
written work also have their individual 
values. But in this connection it is 
relevant to say that the temptation is 
often strong to do required written 
work at the sacrifice of study of the 
text. This is so, probably, because the 
student knows he is to be graded on 
the written work, he is pushed for time 
(perhaps, because he hasn’t planned his 
time well) and he does first the things 
he thinks he must do for the sake of 
his grades, leaving serious study of the 
text to the night before the blue book. 
This is one of the most common and 
most dangerous mistakes that is made. 
Its most serious result is that the un- 
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derlying principles of the subject are 
half understood or not understood at 
all; and the most immediate danger is 
the submission of poor written work, 
laboratory reports, and problems, be- 
cause the principles underlying the 
written work are not understood. In 
general it is a safe though not in- 
variable practice to allot the first por- 
tion of study time to the text and the 
later portions to written work. This 
is true not only because text and lec- 
ture notes deal with the most impor- 
tant principles, but also because such 
study should be done first when one is 
fresh. Written work should be done 
usually after study of the text rather 
than before. This is not an invariable 
rule, but it is a good one to follow in 
a general way. 

The second common mistake in 
studying is to postpone intensive study 
of the text until the day before a blue 
‘ook. This practice is so obviously 
wrong as not to need elaboration. - 

Examinations and periodic written 
reviews have been criticized on the 
grounds that they lead to cramming. 
Their purposes and value as a medium 
of instruction are thereby overlooked 
or underestimated. If they served no 
other purpose than to require a com- 
prehensive review of the subject, and 
thus of pulling it together in the stu- 
dent’s mind, they would serve so useful 
a purpose as to justify the time that 
might otherwise be devoted to different 
purposes. 

Reviews and examinations also have 
the merit of requiring the student to 
depend wholly on himself without the 
aid of texts or teachers. They also 


give the teacher a clearer idea than he 
could otherwise obtain of the effective- 
ness of his teaching. These factors 
far overshadow in importance the rea- 
son often assumed as the sole purpose 
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of examinations—that of providing a 
means of assigning grades. 

Above everything else, however, ex- 
‘aminations are valuable because they 
require review of the subject. There 
are very few occurrences in life and 
very few items of knowledge that are 
learned completely or permanently at 
a single experience. It is only by repe- 
tition that most learning becomes per- 
manent. 

* * * 


Discussions of methods of study 
often include suggestions, such as the 
following, concerning good study pro- 
cedures and the physical conditions 
under which studying should be done. 


1. To Stupy AN ASSIGNMENT IN A 
TEXTBOOK 


If it is such as to require intensive 
study, or if mathematical formulas or 
derivations are involved, it is usually 
best to read it through first to get a 
general idea of the subject matter. 
It is advisable also during this reading 
to note the more important parts of 
the subject. 

The text should then be studied in- 
tensively, formulas derived when neces- 
sary, some of the most important points 
reviewed, and, at the end, the assign- 
ment should be thought over without 
referring to the text until it is clear 
that all points are understood. 

Then, and not until then as a rule, 
problems should be solved with as little 
reference to the text as possible. One 
of the worst mistakes that can be made 
is to attempt to solve problems by mere 
substitution in formulas without ade- 
quately understanding the related prin- 
ciples. 

It is sometimes wise to make an out- 
line of an assignment. Some students 
also find it advisable to mark or under 
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SUGGESTIONS ON HOW TO STUDY 


score important sentences, formulas, 
or paragraphs in their textbooks, but 
not all assignments are such as to re- 
quire this, and many students study 
perfectly well without marking up their 
books. 

It is usually better to work inde- 
pendently than with others in a group. 

This. suggested procedure is, of 
course, subject to a good many modi- 
fications to suit the nature of the sub- 
ject and the assignment. It cannot be 
followed, of course, in the case of 
long sections of the text which are 
chiefly descriptive in nature. 


2. SURROUNDING CONDITIONS 


It is very important that studying be 
done under good lighting. 

Sit in a straight chair; don’t lounge 
inan easy chair. Sit up to a firm table 
or desk of large enough size. 

Work where there will not be dis- 
turbing noises. 


3. MATERIALS 


Always include a good dictionary in 
your equipment, and refer to it both 
for the meaning and for the spelling 
of words. 

It is usually advisable to keep a loose 
leaf note book, or a section of a note 
book suitably tabbed, for each course. 
Keep notes not in current use filed in 
manila folders. - Keep all your notes 
permanently. 

Keep the necessary notebook paper, 
graph paper, straight edge, etc. at hand, 
so that it is not necessary to interrupt 
study to look for them. 

Use a typewriter for written work 
if possible because of the time saved 
and because typewritten notes are 
easier to study from than longhand 
notes. 
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4. NoTETAKING 


Take lecture notes originally in such 
form that they can be retained per- 
manently. Too much time is required 
to copy them. (If the instructor re- 
quires them to be copied, of course that 
must be done.) 

Go over notes the same day they are 
taken and supplement them to make 
them complete where necessary. 

Note taking is something of an art 
which must be practiced in order to 
take down the substance of a lecture 
without losing anything important. 
Therefore, study out how best to ac- 
complish this. 


5. Report WRITING 


Many laboratory instructors issue in- 
structions on how to prepare reports 
in their courses and these should, of 
course, be followed. Do not forget, 
however, that your work in the course 
will be judged very largely by the writ- 
ten material you hand in. Be scrupu- 
lously neat. Never turn in a soiled or 
smudged sheet of paper; it creates a 
very bad impression. Keep the type 
of your typewriter clean; a page writ- 
ten with clogged type makes as bad an 
impression as does a dirty sheet of 
paper. 

Do the arthmetical or mathematical 
work, plot the curves, and tabulate the 
results first ; then write the description 
if one is required. Pay particular at- 
tention to writing the discussion of 
your results; your instructor will think 
poorly of a student who does not show 
evidence of care and thought, and he 
will value highly a well written dis- 
cussion. 

Different courses and different in- 
structors will call for different ar- 
rangements of reports, but it should be 
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remembered that the heart of the re- 
port is often the curve on which the 
final data are plotted. Therefore, pre- 
pare curve sheets carefully and neatly ; 
choose scales with due regard to the 
range and accuracy of the data; don’t 
fail to place the appropriate scales on 
the sheets ; compose the title so that it 
states precisely what the curve por- 
trays; draw curves with straight edges 
and French curves—don’t draw them 
freehand ; use a bow pen for the circles 
that are used to represent points. 
Don’t throw your reports away. 
Keep them for your permanent records. 


* * * 


In concluding this lecture I would 
remind you of what I said at the start: 
no one, so far as I am aware, has ever 
written a wholly satisfactory statement 
on how to study. The most that can 
be done is to suggest methods of study 
that are based on longer experience 
than you have had thus far. The chief 
value of such a lecture is probably in 
stimulating you to think about the sub- 
ject and to make you realize the great 
importance of how best to allocate your 
time and to develop systematic study 
habits. I suspect that this is the most 
that any lecture on studying can do, 


SUGGESTIONS ON HOW TO STUDY 


and if I have done that your hour has 
not been wasted. 
For reasons of emphasis I have kept 


-two points to the last: 


(1) Don’t sell your textbooks. They 
are the beginnings of your professional 
library. You will need them many 
times in later years. Each of your 
beoks is among the best in its field. 

(2) Keep in good health. It can 
be done even when you are working 
hard. Too many students neglect their 
health by not eating properly, by get- 
ting too little out-of-door air or exer- 
cise, or by not getting enough sleep. 
An important cause of failure in col- 
lege is lack of the energy that the hard 
work of engineering study demands. 
You may not be aware of this your- 
selves, but a doctor can detect it ; there- 
fore, if you don’t feel up to par or 
if you are slipping in your work, go to 
a doctor to be looked over. Watch 
your weight, and don’t get either too 
light or too heavy—the former in par- 
ticular is often a danger signal. Be 
careful of your eyes. 

If you keep your body in good con- 
dition your chances of doing well are 
greatly improved all along the line, 
whereas poor health often is a crippling 
handicap. 
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Back to the Professional Degree * 


By CLEMENT J. FREUND 
Dean, College of Engineering, University of Detroit 


“The Great End of Life is not Knowl- 
edge but Action.”—Thomas H. Huxley. 


“T’ve got just the man you’re looking 
for,” telephoned the Detroit manager 
of the Engineering Societies’ Employ- 
ment Service to the dean of a mid- 
Western college of engineering. “His 
personality is first rate. He’s had a lot 
of experience in mechanical engineer- 
ing design, and in power and process 
development, and a measure of experi- 
ence in operation. He’s intellectually 
inclined. He has given many addresses 
and lectures. He’s interested in educa- 
tion, and boys and young men appeal 
tohim. And he wants the job more 
than I can tell you.” 

But the dean displayed no enthusi- 
asm whatever. He cleared his throat, 
mumbled words and finally said eva- 
sively, “I'll give the matter some 
thought. I’ll let you know as soon as 
I can.” 

And in less than a month he hired 
aman who did not have a first rate 
personality, who did not have wide ex- 
perience in mechanical engineering de- 
sign, or in power and process develop- 
ment, and none whatever in operation ; 
aman who showed no great evidence 
of intellectual capacity, was not sure 
that he liked boys or young men, and 
had not been an aggressive carididate. 





*Presented at the May, 1943, Meeting 
Michigan. Section, S.P.E.E. 


But he did have a master’s degree. 
The Employment Service manager 
slumped down into his chair when he 
heard of it, and his rueful comment 
was, “I don’t know much about this 
academic sort of thing, but it seems to 
me there is something wrong here; it 
doesn’t make sense.” 


EXISTING PROCEDURES 


There does seem to be something 
wrong. What is it? Perhaps we engi- 
neering educators have felt slighted, as 
an inferior caste in the halls of learn- 
ing, and have sought to achieve greater 
respectability by fitting into the con- 
ventional university pattern our nomen- 
clatures, courses structures, credit sys- 
tems, faculty organization, degrees, 
everything. Our engineering colleges 
and schools are much less distinctive 
than they might be. Faculty members 
of our engineering departments prate 
of scholarship and research and aca- 
demic freedom just as they do in any 
other university department ; engineer- 
ing students earn bachelors’ degrees 
after four years, masters’ degrees after 
five years and doctors’ degrees after 
eight years; and so do students of his- 
tory or Latin or biology. 

The aims of the typical academic 
department of instruction are primarily 
scholarly and intellectual, and masters’ 
and doctors’ degrees are quite appro- 
priate to those aims. And scholarship 
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and research are most assuredly the 
basis of the engineering profession, but 
they are not all of the profession, nor 
even most of it, and only an exceed- 
ingly small proportion of engineers 
ever can or will become researchers or 
intellectuals. Have our schools of 
engineering not tended to become 
schools of pure science, however excel- 
lent, out of all proportion to the actual 
requirements? Was Hans Zinsser not 
right when he wrote that “There has 
developed a curious halo about research 
which has exalted it above other and, 
in the absence of talent, more useful 
and less expensive methods of occupy- 
ing time.” * 

Of what good is the intellectual on 
the Boulder Dam or inside a big tank 
arsenal ? 
difficult problems in his special field, 
mechanics or electronics, but for every 
one of him we need hundreds of spe- 
cifically professional engineers who can 
lay out a job, assemble competent sub- 
ordinates, bring up the needed mate- 
rials and put them all together into a 
smoothly running enterprise. 


EDUCATIONAL PROCEDURES IN 
OTHER PROFESSIONS 


Other professions are more con- 
cerned than we are about teaching their 
students how to practice, how to per- 
form work in the field of the profession. 
According to Henry S. Houghton, As- 
sociate Dean of the Biological Sciences 
in the University of Chicago, “The aim 
of medical education . . . is basically 
the preparation of young people who 
can care for the sick with intelligence 
and skill.” And Herman Oliphant, 


*“The Next Twenty Years,” Science, 


Vol. 74, No: 1921, October 23, 1931, p. 402. 

+ “The Challenge of the Future to Medical 
Education,” Science, Vol. 79, No. 2057, June 
1, 1934, p. 494. 
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BACK TO THE PROFESSIONAL DEGREE 


formerly of the Johns Hopkins Instj- 
tute of Law, contends that “Legal prob- 
lems should not be studied in the clois- 


‘tered seclusion of academic halls, where 


they are not, but in the field where 
they are. Thus, suppose problems as 
to the delays in litigation are to be 
studied. ... We are not merely to 
read in libraries what people have said 
in books about these problems and then 
write still more books about them so 
that others can read them and write 
still more books, but, on the contrary, 
it means . . . to go where the litiga- 
tion is and make field studies of it 
there.” f¢ 

In order best to accomplish their 
purpose of teaching how to practice, 
schools of medicine and law have in- 
sisted upon a large measure of au- 
tonomy within the universities, and 
have maintained close and continuous 
contact with the body of the profes- 
sions. Indeed, a number of medical 
schools were at one time altogether in- 
dependent institutions. Examples are 
the medical schools which have become 
component divisions of the following 
universities: California, Chicago, Cin- 
cinnati, Illinois, Maryland, Ohio State, 
Pittsburgh, St. Louis, Syracuse. And 
certain medical schools are still oper- 
ated by separate boards of trustees, 
although they have become integral 
units within the universities. 

We claim that engineering is a pro 
fession, as medicine and law are profes- 
sions. But those professions do not 
pat the scholar on the back and ignore 
the man of affairs who can do things. 
Why, then, should we? The doctorate 
in medicine identifies the young maf 
who is qualified to treat patients; it 


t “Parallels in the Development of Legal 
and Medical Education,” Annals of th 
American Academy, Vol. 167, May, 1933, 
p. 162. 
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BACK TO THE PROFESSIONAL DEGREE 


says nothing about his capacity for 
research and it does not need to. We 
engineers recognize the very small mi- 
nority of our students who can perform 
scholarly and research work, and amid 
pomp and splendor we give them mas- 
ters’ and doctors’ degrees. But we do 
nothing for the majority of engineers 
who can conceive, design, construct 
or operate steam turbines, airplanes, 
steel mills, highway systems, radio 
communication plants and other proj- 
ects, engineers who have nothing to 
do with scholarship and research. 


REVIVE THE PROFESSIONAL DEGREE 


In order to give to our engineering 
practitioners as much honor as we be- 
stow upon the comparatively few intel- 
lectuals, should we not revive the pro- 
fessional engineering degree? I fully 
realize that the suggestion will arouse 
misgivings in some quarters, and has- 
ten to explain that I do not by any 
means propose that this degree be sub- 
stituted for the first or bachelor’s de- 
gree. By the professional degree I 
mean the degree, such as Civil Engi- 
neer (C.E.), which is awarded to engi- 
neers who are some years out of school 
and who, during those years, have per- 
formed notable work in the field or in 
industry. 

Requirements are much alike in 
those institutions which still grant the 
degree. In the University of Detroit, 
for instance, the candidate “must have 
had, subsequent to receiving the bache- 
lor’s degree, at least four years’ experi- 
ence in the appropriate field of engi- 
neering, of which at least three years 
shall -have been in the supervision of 
engineering projects. Moreover, a 


thesis acceptable to the faculty must be 
submitted.” 

The thesis is the substance of the 
application. It cannot be merely the 
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report of a laboratory experiment. It 
must describe engineering work actu- 
ally completed by the applicant in the 
field or in industry, such as investiga- 
tion, or calculation and design, or cor- 
rection of defects in design brought 
to light by manufacturing or construc- 
tion processes, or the formulation and 
writing of specifications, or the pro- 
curement, transportation and delivery 
of materials, or the assignment of func- 
tions to engineering officials, or the 
selection and training of mechanics and 
technicians, or negotiations with mu- 
nicipal, state and federal officers, or 
with officers of cooperating corpora- 
tions, or the solution of related legal 
and financial problems, or any com- 
bination of these and other engineering 
accomplishments. 

It is not necessary for the candidate 
to have been in full charge of the job, 
but he should manifest a broad under- 
standing of the whole undertaking, in 
all its divisions and ramifications, and 
he should furnish evidence that he has 
directed subordinates in some impor- 
tant department of the project. 

After the candidate has submitted 
his thesis, the faculty assembles a board 
of examiners. The board includes rep- 
resentatives of the University depart- 
ment in which the degree is sought, 
such as electrical engineering, engi- 
neers of the community who have had 
distinguished experience in that field, 
and administrative officers of the Col- 
lege of Engineering. 

The board members read the appli- 
cant’s thesis and then meet for an oral 
examination. The candidate is per- 
mitted to open the proceedings with a 
brief statement in support of his appli- 
cation, possibly to strengthen an un- 
certain spot in the thesis. Thereupon 
the board members question him not 
merely concerning his thesis, and espe- 
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cially that portion of his work which 
he represents to be of supervisory 
character, but likewise concerning the 
nature and scope of his experience, his 
understanding of professional stand- 
ards, ethics and traditions, and any 
and all matters which bear upon his 
application. Sometimes the board con- 
tinues the interrogation for hours until 
the members are satisfied. Then the 
candidate is excused and they discuss 
his qualifications and finally vote to 
recommend or not to recommend that 
the degree be granted to him. 

Only those who are mature can pos- 
sibly earn such a degree. Many doc- 
tors of engineering cannot earn it, nor 
can any others whose achievements, 
however distinguished, have been alto- 
gether intellectual. Only those can 
earn the degree who are prepared to 
assume responsibility for the comple- 
tion of engineering work in the plant 
or in the field, only those who can 
solve those perplexing, sometimes 
heartbreaking problems which arise 
whenever theoretical plans collide with 
actual materials, machines, structures 
and temperamental human _ beings. 
Only those can earn the degree who 
are qualified to practice engineering, 
as the physician is qualified to treat 
patients or the attorney is qualified to 
plead in the supreme court of his state. 

Such a degree recognizes and identi- 
fies those engineers who are doers and 
makers, as masters’ and doctors’ de- 
grees recognize and identify those who 
are thinkers. 


PROFESSIONAL AIMS OF ENGINEERS 


The professional degree would help 
engineers ‘solve another one of their 
very troublesome problems, the prob- 
lem of professional standing. The en- 
gineering profession lacks coherence. 
The public does not know who belongs 


to the profession and who does not. 
We do not know ourselves. In Detroit 
we have “landscape engineers,” “fumi- 
gating engineers,” “moving engineers” 
(van operators) and “comfort engi- 
neers” (domestic insulating contrac- 
tors). They are no credit to profes- 
sional engineering, but the man in the 
street does not know the difference, 
According to William E. Wickenden, 
“The engineer has no sharply defined 
and localized area of work by which he 
can readily be distinguished, nor do his 
functions in themselves create a pro- 
fessional caste because of the extreme 
scope of the field and the large num- 
ber of persons involved.” * 

This is doubtless why the community 
wavers and hesitates instead of clearly 
recognizing the professional status of 
engineers. Professional engineers are 
on the defensive and they always have 
been. They ought to be recognized as 
professional and they ardently wish to 
be. It is one of their principal aspira- 
tions; it is what the leaders think and 
talk about. In 1939, Parker H. Dag- 
gett addressed the Tau Beta Pi Asso- 
ciation in Detroit concerning the “pro- 
fessional recognition that the engineer 
has been seeking.” In the same year, 
Karl T. Compton told the Society for 
the Promotion of Engineering Educa- 
tion that “the future of engineering is 
largely bound up with this struggle for 
a true professional spirit. . . . If so 
ciety is to respect the engineer and 
permit him to function effectively, it 
must recognize him as a professional 
man.” | The Committee on Aims and 
Scope of Engineering Curricula of 
S.P.E.E. reports that “Within the en- 


*“Report of Investigation of Engineering 
Education, S.P.E.E.,” Vol. II, p. 1057. 

+“Engineering and Social Progress,” 
Journal of Engineering Education, Vol. 
XXX, No. 1, September, 1939, p. 17. 





gineerit 
certed € 
of prot 
coupled 
ards fc 
public.” 
One ( 
support 
ing spok 
CHAR. 
Engin 
the prol 
tion. TI 
effort be 
distinct, 
that nol 
satisfact 
But al 
ber of 
istics, an 
lic to re 
they mus 
character 
1. Ap 
ity, a gr 
with pro: 
a high es 
The pr 
hance eth: 
because 1 
other pro 
by school. 
2A p 
tangible, 
such as _ 
the admit 
“Present 
cation in 
Jackson s 
of engine 
science wl] 
affairs of 


_* Commit 
mg Educat 
1940, p. 556 











not. 
roit 


TS 


ity 


R FREBRETSePRSRRISR AS sRean ast 


3 


er 





BACK TO THE PROFESSIONAL DEGREE 


gineering fraternity there is a con- 
certed effort toward a clearer definition 
of professional status and function, 
coupled with higher qualifying stand- 
ards for both practitioner and the 

blic.” * 

One could fill page after page with 
supporting quotations from engineer- 
ing spokesmen and stalwarts. 


CHARACTERISTICS OF A PROFESSION 


Engineers will find it hard to solve 
the problem of professional recogni- 
tion. They will dissipate much of their 
efort because their objective is too in- 
distinct, too shadowy. The difficulty is 
that nobody has ever constructed a 
satisfactory definition of a profession. 

But all professions do have a num- 
ber of more or less obvious character- 
istics, and if engineers expect the pub- 
lic to recognize them as a profession 
they must display at least some of these 
characteristics. For instance: 

1. A profession is a class, a fratern- 
ity, a group apart in the community, 
with pronounced group consciousness, 
ahigh esprit de corps. 

The professional degree would en- 
hance ‘this characteristic of engineers 
because the degree is not known in 
other professions; it is awarded only 
by schools and colleges of engineering. 

2. A profession is characterized by 
tangible, direct service of the people, 
such as healing, teaching, preaching, 
the administration of justice. In his 
‘Present Trends of Engineering Edu- 
tation in the United States,” D. C. 
Jackson speaks of the large influence 
of engineering “on economic and social 
sience which primarily deal with the 
affairs of men and man’s relation to 





_*Committee Report, Journal of Engineer- 
mg Education, Vol. XXX, No. 7, March, 
1940, p. 556. 
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man.” + A profession means action, it 
means doing, it means art, it means 
practice; it means accomplishment in 
the forum and in the market place, 
where the people gather, where they 
work. 

The professional degree would en- 
hance this characteristic of engineers 
because the degree is awarded for prac- 
tical and direct rather than intellectual 
and more remote achievement. 

3. Traditions and ceremonies are 
characteristic of a profession. When- 
ever men associate for a common pur- 
pose, as in religion or government, they 
are sure to devise some sort of colorful 
pageantry. As Vannevar Bush has it, 
“Every profession should have its se- 
crets and its mysteries; spread before 
the world that all may read, but truly 
grasped only by those who have lived 
the professional life; and these should 
be transmitted to the neophytes with 
due care, with reverence for their in- 
herent worth, and in due time. Ritual 
and symbolism, secrecy and circumspec- 
tion, were the ancient paraphernalia 
which insured a proper seriousness in 
youth in order that the impartation 
might be more impressive. And these 
have not wholly disappeared in the 
modern professions.” ¢ 

Examinations, commencements, cer- 
tification of society membership, state 
board registration, all these are ritual 
exercises which serve this purpose. 
But the engineering profession is poor 
indeed in such rites ; bachelors’, masters’ 
and doctors’ degrees, for example, are 
not peculiar to engineering. 

The professional degree would en- 
hance the ceremonial characteristic in 


+ Engineers’ Council for Professional De- 
velopment, New York, pp. 7-8. 

t“The Qualities of a Profession,” annual 
meeting address, American Engineering 
Council, January, 1939. 
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engineering because the degree is 
awarded in no other profession; it 
would be a unique engineering for- 
mality. 


PROFESSIONAL GAINS 


Most urgently, with all the power I 
can bring to bear, I recommend that 
the seasoned and experienced leaders 
in engineering education, the sages, the 
elder statesmen, the policy makers, give 
serious thought to the vigorous revival 
of the professional degree which our 
engineering schools and colleges, with 
few exceptions, have either completely 
discarded, or sustain merely in the form 
of familiar bulletin announcements 
which nobody has either altered or 
eliminated since the turn of the cen- 
tury. Engineers and engineering would 
surely gain the following if the degree 
were universally established : 

It would dignify engineering because 
the engineer cannot win the degree 
until he has grown to full professional 
stature. 

It would constitute a unique engi- 
neering procedure and ceremony ; the 
profession as such is practically desti- 
tute of ceremonies. 

It would bring greater prestige to 
the engineering schools and colleges in 
their respective universities and com- 
munities. 

It would serve as an additional chan- 
nel of communication between the 
schools and colleges and the profession, 
as the faculties might invite practicing 
engineers to sit on boards of examin- 
ers, and the professional engineering 
societies might assist in the selection 
of such boards. 

It might become a badge—in addi- 
tion to state board certification— 
whereby lay citizens might clearly dis- 
tinguish between truly professional en- 
gineers and hundreds, yes, thousands 


of others who call themselves engineers 
although quite deficient in engineering 
qualifications. 

It would be an academic aiming point 
for those who enter the distinctly sep- 
arate field of engineering practice, com- 
parable to the doctor’s degree for those 
who excel in engineering theory. 

_ It would be at least an attempt to 
answer the challenge of E. A. Hol 
brook, who demands to know if we 
engineering educators cannot “see that 
this is the particular glory of engi- 
neering, in being, not a liberal arts 
tradition nourished by generations of 
scholars, not a pure science tradition 
built up in the laboratories, but a com- 
bination of both, to which is added an 
art of its own; an art that seeks per- 
fection through doing ... ?” * 
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The Three Principal Stresses and the Maximum 
Shear Stress at a Point 


By H. C. 


PERKINS 


Assistant Professor Mechanics of Engineering, Cornell University 


Although it is recognized as essen- 
tial that a strength of materials text 
present a formal derivation of each im- 
portant principle and formula, there is 
at least one case in which this rule is 
disregarded. In particular, the demon- 
stration that there are three principal 
stresses at a point and that the maxi- 
mum shear stress at the point is equal 
to half the difference of the greatest 
and least of these three principal 
stresses, is to be found only in ad- 
vanced texts (see Timoshenko, “The- 
ory of Elasticity,” Arts. 52 to 56). 
Teachers of strength of materials, and 
especially authors of strength of ma- 
terials text books, should therefore be 
interested in a simpler argument built 
up from ideas which are developed in 
all elementary texts. Judging by class- 
room experience here at Cornell, un- 
dergraduate students find it easy to 
follow the argument as presented be- 
low. 

In general, the stress at a point is 
three dimensional, in that the stress on 
each face of an elementary cube may 
be resolved into three components as 
suggested in Fig. 1. 

Plane Stress, as defined in elemen- 
tary texts, will result if there are no 
stresses on one face of the cube (in 
Fig. 1 suppose S, = S22 Szy=0), 
for the remaining components (Sz, Sy, 


Szy in Fig. 1) all act parallel to a single 
(x, y) plane. 

Equations and diagrams for analyz- 
ing the stress in an ry plane (Fig. 1) 
are developed in elementary strength 
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of materials texts. Thus, considering 
Fig. 1 with S, = Sz. S2,=0, the 
following theorems (or their equive 
lents) are demonstrated in such texts. 

1. If the elementary cube (Fig. 1) 
be rotated about the Z axis so that the 
x and y axes take new directions in 
their plane, there is one “principi 
orientation” of the cube such that 
Soy = 0. 

2. When Sz, =O the corresponding 
normal stresses which are called “th 
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principal stresses in the xy plane,” are 
directed at right angles to each other. 

3. Of these two principal stresses 
one is the maximum normal stress in 
the xy plane, the other is the minimum 
normal stress in the xy plane. 

4, The maximum shear stress in the 
ry plane is equal to half the difference 
of the two principal stresses in that 
plane and acts on the faces of an ele- 
mentary cube which is rotated in the 
plane 45 degrees from its “principal 
orientation.” 

It is easy to show that the validity 
of these theorems does not depend 
upon the assumption that S, = Szz= 
Sy==0. Thus let Fig. 2 represent 
the zy projection of an elementary 
prism, bounded by two triangular faces 
parallel to the #y plane and three rec- 
tangular faces perpendicular to the ry 
plane. 

When the stress on each face of the 
element is resolved into three com- 
ponents, as suggested in Fig. 1, two of 
them, being parallel to the xy plane, 
will appear on the xy projection (Fig. 
2), while the third, being perpendicu- 
lar to the xy plane, will not. 
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Moreover, the shears Szz and S,y on 
the triangular faces become equal op- 
posite and collinear in pairs as the 
thickness of the element approaches 
zro, so they ultimately have no re- 
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sultant component parallel to the «ry 
plane and also no resultant moment 
about a Z axis. 

It follows at once that the relations 
between components of stress in an sy 
plane are the same whether the stress 
is entirely “in the xy plane” or has 
components parallel to the Z axis as 
well. 

Given the components S,, Sy, and 
Szy in a plane (Figs. 1 and 2) the two 
perpendicular principal directions (of 
maximum and minimum S, and zero 
Ss) in that plane may be determined , 
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or, if desired, a Mohr’s Stress Circle 
may be drawn to represent the stress 
in that plane. 

To demonstrate the existence of the 
three principal stresses at any point, 
let the three dimensional stress at any 
point P be represented (Fig. 3) by 
the stresses on the surface of a small 
sphere with its center at P. Each 
plane through the point P will be 
parallel to a pair of surface elements 
such as A’ and A (at opposite ends of 
a diameter) on which the stresses (if 
the sphere is sufficiently small) are es- 
sentially equal to those on the plane 
at P. 


Pace 
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Any surface element A will in gen- 
eral be stressed by a normal com- 
ponent S, and two shear components 


S,’ and S,”" which may be combined . 


into a resultant shear S, as shown. 

It is evident that there will be a 
point on the sphere at which the nor- 
mal stress S, has a maximum value = 
S, and a point at which S, has a mini- 
mum value = S,. 

The action lines of S, and S, inter- 
sect at P and determine a plane in 
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which S, is a (maximum) principal 
stress and S,-is a (minimum) princi- 
pal stress. Therefore the action lines 
of S, and S, are at right angles. 
Figure 4 represents a cubical ele- 
ment subjected to a normal stress 
S, = maximum S,, a normal stress 
S; = minimum S,, an intermediate 


normal stress S,, and three compon- 
ents of shear. 


S; is a (minimum) principal stress | 


in the plane of S, and S, so S,=0, 
S, is a (maximum) principal stress in 
the plane of S, and S, so S,’=0, 

S, is also a (maximum) principal 
stress in the plane of S, and S, 
S,""==0. There are no shears on any 
face of the cube. 

The three planes on which the shear 
stresses at a point vanish are called the 
principal planes at the point and the 
corresponding normal stresses are 
called principal stresses. 

The maximum shear stress formula 
follows at once. Thus, in any plane 
through a point, the maximum shear 
stress is equal to the half difference of 
the (secondary) principal stresses in 
that plane. The greatest shear stress, 
considering all such planes, is there- 
fore in the plane of the greatest and 
least principal stresses (S, and S,) at 
the point, has the value 


(1) 


and acts on planes which cut the ac- 
tion lines of S, and S, at 45 degrees. 


maximum S, = 


S,-S; 
2 


Thanks are due to Dr. D. © 
Drucker for suggesting several in- 
provements in the manuscript. 
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some drawing teachers, are still un- 
aware of that fact. Dimetric and tri- 
metric projections were scarcely men- 
tioned. These latter forms are, in gen- 








A New Method of Axonometric Projection 
By R. P. HOELSCHER 
In the earlier drawing texts of the eral, much more pleasing in appearance 
present century, little or no recognition than isometric, due in part, to the fact 
was given to the fact that isometric that they avoid the disturbing symmetry 
drawings are in reality orthographic of the isometric form. A new, exact 
a 
oa Prorig 
Fic. 1. The principal planes of projection. 
Fic. 2. The isometric plane. 
projections. Many persons, including and simple method for constructing 


any one of the three forms, first taught 
in the United States at the University 
of Illinois in 1942, is presented in the 


following paragraphs. 
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Rule of thumb methods for the con- 
struction of approximate axonometric 
drawings have been in use for many 
years and for isometric drawings these 
methods are quite satisfactory, but the 
use of two different scales for dimetric 
and three for trimetric made the con- 
struction of these forms rather slow 
and cumbersome. As a consequence 
they have been little used in teaching 
or engineering practice. These rules, 
of course, made no reference to the 
subject of orthographic projection and 








Fic. 3. A dimetric plane and 
projection. 


there is no need that they should if 
one is interested only in the produc- 
tion of drawings in the isometric form. 

For training at the collegiate level, 
however, it has always seemed desir- 
able to introduce the idea of the iso- 
metric plane in the teaching of iso- 
metric drawing, even though rule of 
thumb methods were later used for the 
actual construction. The use of this 
plane gives a correct theoretical basis 
for the establishment of rule of thumb 
methods and hence should give the stu- 
dent a better understanding of what 
he is doing. 
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In the new method of construction 
the concept of the axonometric plane, 
inclined to the three principal planes, 


. is essential. In Fig. 1 the three prin. 


cipal planes are shown in pictorial form, 
while in Fig. 2 the isometric plane has 
been included with them. 

The position of this inclined plane, 
relative to the principal planes, deter- 
mines the type of drawing which will 
be produced by projecting orthographi- 
cally upon it. If it is equally inclined 
to the three principal planes an iso- 





Fic. 4. A trimetric plane and 
projection. 


metric projection will be produced. If 
equally inclined to two planes and at 
some other angle with the third, a di- 
metric projection results as in Fig. 3, 
while an unequal angle with each of 
the three principal planes produces a 
trimetric as shown in Fig. 4. 

In Figs. 3 and 4 the projections on 
the horizontal, vertical and profile 
planes have also been shown. Atten- 
tion to the position of these views is 
essential to an understanding of the 
following discussion. 

The new method of projection, which 
greatly simplifies the construction 
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any axonometric, depends upon two 
very simple geometric principles with 
which every student is familiar. These 
two principles are illustrated in Fig. 5. 
At the right, we have the well known 
fact that the chords connecting any 
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the trace of the plane. Thus the pro- 
jection ab is perpendicular to MN and 
likewise a’b is perpendicular to MN 
and hence when the inclined plane 
MNOP is revolved into the other plane 
the line aba,’ becomes a straight line. 








Fic. 6. Profile plane revolved into trimetric plane. 


point on a semi-circle with the ends 
of the diameter, form a right angle 
with each other. 

The second, shown at the left in 
Fig. 5, is the one commonly used in 
descriptive geometry, i.e., if a line is 
perpendicular to a plane then the pro- 
jection of the line is perpendicular to 


The application of these principles 
is shown in Fig. 6 where the profile 
plane has been revolved about its trace 
MN with the axonometric plane into 
coincidence with that plane. The point 
O moves out along the line OA. Since 
the corner of the profile plane at O is 
a right angle it will still be a right 
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angle, and show in its true shape, when 
revolved. The point O, can be located 
therefore by drawing a semi-circle on 
the axis of rotation as shown. The 
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lution thus enabling us to complete the 
rectangle which represents the profile 
plane revolved. The thing of particu- 


‘lar usefulness and interest is that the 





Fic. 7. Vertical and profile planes revolved into trimetric plane. 





Fic. 8. Horizontal, vertical and profile planes revolved into trimetric plane. 


points B and C being in the axis of 
rotation do not move. Note that the 
other corners of the plane also move 
out at right angles to the axis of revo- 


lines of the orthographic view remain 
parallel to the edges of the plane in the 
revolved position. Figure 7 shows the 
vertical plane revolved around its inter- 
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section with the axonometric plane and 
Fig. 8 shows the horizontal plane re- 
volved in a similar manner. In all 
cases the axonometric plane is the plane 
of the paper. 

In Fig. 9 all three planes, together 
with the orthographic views have been 
shown revolved. For simplicity the 
construction lines have been omitted. 
From this figure it can be seen that 
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coérdinate axes OA, OB and OC, to 
give the desired position of the object 
in the finished axonometric. (2) Draw 
the edges of the axonometric plane at 
right angles to these lines. Thus BC 
is perpendicular to OA ; AB is perpen- 
dicular to OC and AC is perpendicular 
to OB. (3) Revolve two of the co- 
ordinate planes into the axonometric 
plane by means of the semi-circle con- 





Fic. 9. Trimetric projection from orthographic views. 


the axonometric view can be con- 
structed by direct projection from any 
two of the three principal views. The 
problem in construction is to find the 
correct position for the two ortho- 
graphic views and the direction of the 
projecting lines. 

The necessary construction for find- 
ing these two things is shown in Fig. 
10. Note that the edges of the ortho- 
graphic views of the object are parallel 
to the corresponding edges of the re- 
volved position of the plane of projec- 
tion. 

The procedure is as follows: (1) 
Select first the position of the three 


struction as shown in the figure. (4) 
Locate the orthographic views at a 
convenient place on the board with the 
edges of the views parallel respectively 
to the corresponding edges of the re- 
volved planes, O,A, O,-B, etc. (5) 
Draw the projecting lines parallel to 
the proper axonometric axis. Thus 
the bottom view in Fig. 10 which was 
revolved around AC will have its pro- 
jecting lines parallel to OB the axis 
opposite AC. The edges or center 
lines of the completed pictorial draw- 
ing then come out parallel to the three 
coordinate axes originally chosen. 
Any face of an object may be em- 
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Fie. 11. 


phasized by a proper choice of the three 
axes. In Fig. 10* the front and top 


* Figs. 10 to 13 are taken from “Industrial 
Production * Illustration” by Hoelscher, 
Springer and Pohle, McGraw-Hill Book Co., 
by permission of the publisher and copy- 
right owner. - 





Shifting emphasis in the pictorial view. 


are most prominent while in Fig. ll 
the left side has received the major 
emphasis. To emphasize other faces 
the object may be turned into other 
positions as shown in Figs. 12 and 13, 
using the same two orthographic views. 
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A bottom view may be obtained by us- 
ing a fourth quadrant arrangement 
as shown in Fig. 14. 

The simplest method of procedure 
seems to be to make a thumb-nail sketch 
of the pictorial view desired, draw 
the axes and sketch the two ortho- 
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While the method is very simple it 
should not be assumed that it is fool- 
proof. By inadvertently interchanging 
views or the direction of the projecting 
lines some very queer looking figures 
will result. For example, when mak- 
ing bottom views it is very easy to 


Fic. 13. Object on side. 


graphic views as shown in Fig. 15. 
This sketch can be made very rap- 
idly and need show enough detail to 
determine the position of the view. 
With this sketch as a guide, a layout 
similar to that in Figs. 10 to 13 can 
be made, and the orthographic views 
then can readily be placed in the proper 
position. 


get an axonometric view that is oppo- 
site hand from the one intended. 

In order to avoid a pictorial drawing 
that is opposite hand from the one in- 
tended, care must be exercised in the 
selection and placing of the views. 
Note that the revolved orthographic 
view at (b) above the pictorial in Fig. 
14 is opposite hand from the ortho- 
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nd cylinder. 





Fic. 16. Intersection of two cylinders. 
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Fic. 17. Isometric of intersection of cone a 
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graphic view at (a). Hence the view 
(a) cannot be used with the center- 
line through the two holes in the posi- 
tion shown at (0b). 

By revolving the horizontal plane 
downward about MN, however, the 
orthographic view (a) can be used at 


‘(c). Note the change in direction of 


the center-line through the two holes 
at (b) and (c). If desired, for con- 





thumb-nail sketch consists of the three 
orthographic views in first quadrant 
arrangement. These same views could 
be rearranged to conform to third quad- 
rant projection so it is clear that any 
shop drawing can be used for making 
axonometrics. 

The simplicity and convenience of 
this method is again emphasized in 
Fig. 16 where the intersection of two 




















Fic. 18. A Pseudo-oblique. 


venience, the view at (c) could be slid 
up on the paper until it was above the 
pictorial view. This would not effect 
the result. If the front and side views 
are used instead of the top view no 
difficulty is encountered since these 
views have the same arrangement in 
both first and fourth quadrants. These 
views were used in constructing Fig. 14. 

Referring again to Fig. 14, the 


cylinders have been found in the pic- 
torial view without the necessity of 
finding it in either of the orthographic 
views. Another typical intersection is 
shown in Fig. 17. 

Theoretically this method serves only 
for axonometric projection but it can 
be used to produce a pseudo-oblique 
within a limited range as shown in 
Fig. 18. No construction for position 








‘ee 
of views is required and the entire 


set-up can be quickly made. 
If the original shop drawings are 


in the pictorial can be effected by the 
well known scheme shown in Fig. 19. 


The simplicity of the method is well 
illustrated in this figure where all con- 
struction lines necessary to produce the 
figure have been drawn. By inspec- 
tion, it is clear that a projecting line 
need not be drawn from every point 





too small or too large a change of scale. 












NEW METHOD OF AXONOMETRIC PROJECTION 


on the object if the draftsman has a 
little power of visualization. 

Where freehand pictorial sketches 
will not suffice and accuracy of repre. 
sentation as well as speed is desired 
this method is to be recommended, 





Fic. 19. Changing scale. 


For teachers and students it is an it 
teresting development in the theory of 
projection and a very useful aid in the 
development of skill in the teaching of 
pictorial drawing and freehand sketch 
ing. 
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The Post-War Problems of Engineering 
Education * 


By J. K. FINCH 
Renwick Professor of Civil Engineering, Columbia University 


“Absolute certainty is an illusion; 
repose is not the destiny of man.” 
—Justice Oliver Wendell Holmes 


SUMMARY 


The immediate and radical changes 
which our engineering schools are un- 
dertaking to meet the necessities of 
war have not been adopted by choice 
and must be regarded as educationally 
retrogressive and undesirable. They 
are, fortunately, temporary, and we 
must prepare to return to normal pro- 
cedures at the earliest possible moment. 

The future of the American way of 
life will depend, even more than has 
our progress in the past, on the wisdom 
and skill with which we adapt and ap- 
ply the potentialities for progress in- 
herent in technological knowledge and 
research. Technological change will be 
even more rapid in the future than in 
the past. Engineering educators can- 
not plan simply to resume our present 
practices, in post-war years. We must 
appraise recent trends and anticipate 
future needs, thus making ready to go 
forward at least from the point which 
we would have reached had the war 
not halted educational progress. A 
study of these trends discloses oppor- 
tunities which constitute a stirring chal- 
lenge to our schools to make ready for 

*Presented at the Spring Meeting of the 


Middle Atlantic Section, S. P. E. E., at 
Haverford College, May 8, 1943. 


a post-war era of wider service and 
increased responsibilities. 


One of the most remarkable results 
of World War II has been the almost 
universal accord with which it has 
turned the thoughts of men and women 
of the United Nations to post-war 
problems. For the last decade we in 
America have apparently been living in 
a rut, carrying on a hand to mouth ex- 
istence in an atmosphere of doubt and 
depression, of confusion and uncer- 
tainty, almost despairing of ever set- 
tling our major problem, and unable to 
jar ourselves out of an unprogressive, 
defeatist attitude of mind. The war 
has ended this. We are now deter- 
mined not only to win this conflict, but 
we also look forward with new hope 
and a renewed spirit to the opportuni- 
ties for real progress and development 
which the post-war years will afford. 
The necessity for action which the war 
has brought has broken the spell and 
again demonstrated that a static, un- 
progressive outlook is untenable in 
American life. There is a new spirit 
in the air—we are determined that the 
post-war years shall not be a repeti- 
tion of those of the last Dismal Decade. 

This new spirit, this renewal of faith 
in progress, is, in my opinion, far more 
important to the future of engineering 
education than all the revolutionary but 
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temporary changes which are now be- 
ing forced upon us by the necessities of 
war. The present changes, upsetting 


and retrogressive as they are, we rec-. 


ognize as but passing ills. The revival 
of faith in the American way of life 
is a major triumph for that spirit of 
progress which is the very life blood 
of our profession. 

No thoughtful student of engineer- 
ing education will, of course, minimize 
the immediate difficulties which our en- 
gineering schools face in carrying out 
the radical changes necessitated by the 
war. It is clear that these changes are 
disruptive and retrogressive in effect, 
and that real progress in engineering 
education will be difficult if not impos- 
sible as long as they are in force. We 
are asked to devote our major efforts 
for the immediate future to training 
the largest possible number of under- 
graduate students in a narrowly spec- 
ialized and continuous, year ‘round, 
program of studies planned solely to 
meet the exacting needs of modern 
war. We hope to have a few civilian 
undergraduates, but graduate students 
are, apparently, out of the picture and 
such research efforts as may be possible 
will be centered almost entirely on war 
needs. This is a challenging call to 
national service, but it also necessitates 
the abandonment of practically all that 
is progressive and forward-looking in 
engineering education. If long con- 
tinued, a return to our former dynamic 
practices will not only be difficult but 
we will be unable adequately to pre- 
pare for post-war service the group of 
young engineers who will be so vitally 
needed. 

It seems to me, therefore, that we 
will be neglectful of our duty if we do 
not make every effort to maintain as 
far as possible our normal practices 
and peace-time activities during the 
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war. We must, in fact, redouble oy 
efforts to anticipate future needs » 
that, once the war is over, we may me 
sume our labors as quickly and effer. 
tively as possible and make up for log 
time and lost progress. Our god 
should not be to start again where we 
left off but to be prepared to again go 
forward from the point we would haye 
achieved in the normal process of evo 
lution had the war not interrupted our 
efforts. These war years, even if lost 
to action, must not be permitted to 
become lost years for educational plan- 
ning and progress. 

In short, I am not one of those who 
expects these war-time changes to have 
any notable direct effect on post-war 
educational methods, standards or te 
quirements. I think we were on the 
right track before the war and that 
our problem is essentially that of ac 
celerating the adjustment of engineer- 
ing education to the needs of the post 
war world. 

There are those, I know, who fee 
that our successful wartime acceler 
tion of the engineering program has 
demonstrated the possibility of com 
pleting a college education in less than 
four years. Mr. Leacock’s suggestion 
that it is desirable to terminate the edt- 
cational process before middle-tife 
seems possible of realization. Yet 
know of no school which believes the 
acceleration of the engineering program 
to be educationally sound and desirable 
Engineering courses have long been 
cooperative courses. Engineer educe 
tion still retains as a major element 
that education through apprenticeship 
which was, until a century ago, the only 
generally recognized method of trait 
ing, and is still an essential in the edt 
cation of any professional man. The 
so-called summer vacation has been 4 
vacation in name rather than in fa¢t 








It giv 
this e 
tunity 
Throt 
amout 
into t 
ing € 
than 
Its ai 
neerir 
ment, 
a prol 
sion. 
requir 
lation, 
celera' 
Sim 
missio 
school 
of pt 
wome: 
subpre 
an eng 
be unc 
wome! 
are nc 
day is 
womet! 
when 
comple 
whethe 
these p 
hope f 
recogn 
than tl 
tensive 
emerge 
ports « 
for thi 
mon. 
genera 
future 
serve 
zens Vv 
der to 
war, a! 
work i 





le our 
ads 
ay Te 

effec. 
or lost 
Te We 


ain go 
1 have 


d our 
if lost 


> who 
) have 
t-war 
Ir re. 
n the 


f ac- 


RORFSSSRRT Ee 








POST-WAR PROBLEMS OF ENGINEERING EDUCATION 


It gives the student an opportunity for 
this essential apprenticeship, an oppor- 
tunity to temper theory with practice. 
Through acceleration, a tremendous 
amount of training can be crammed 
into three years or less, but engineer- 
ing education has higher objectives 
than merely imparting information. 
Its aim is the maturing of the engi- 
neering mind, of engineering judg- 
ment, of an ability to see all sides of 
a problem, and of a capacity for deci- 
sion. Its processes, to a major extent, 
require time for digestion and assimi- 
lation, time for growth, which an ac- 
celerated program does not afford. 
Similarly, I do not believe the ad- 
mission of women to our engineering 
schools will result in the displacement 
of professional male engineers by 
women. It is true that many of the 
subprofessional technical operations of 
an engineering office or laboratory can 
be undertaken quite as competently by 
women as by men. But these workers 
are not engineers and the demand to- 
day is for these technical aides, not for 
women engineers. It seems doubtful, 
when men with more thorough and 
complete training are again available, 
whether women will continue to hold 
these positions. They cannot, of course, 
hope for advancement and professional 
recognition without far more training 
than that afforded by the brief and in- 
tensive courses offered in the present 
emergency—and they know it. Re- 
ports of difficulties in securing women 
for this war emergency work are com- 
mon. They see no future in it and, in 
general, they do not expect to find their 
future careers in engineering. They 
serve because they are patriotic citi- 
zens willing to make sacrifices in or- 
der to do their bit in aiding to win the 
war, and anyone who has seen them at 
work in our war industries cannot fail 
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to be impressed by the remarkable con- 
tribution they are making. 

In all probability, the two most im- 
portant effects of war education will 
stem from the temporary abandonment 
of the general education of the engi- 
neer and the decline in graduate in- 
struction. Clearly the stern necessities 
of war do not permit the continuation 
of all the usual liberal studies in pro- 
grams which must be designed to se- 
cure a maximum of technical compe- 
tence in a minimum of time. 

Much time, much talk, and much ef- 
fort have been expended in recent 
years in bringing about a more gen- 
eral recognition of the fact that the 
engineer must be an educated man as 
well as a technical expert. But this 
temporary eclipse of liberal studies is, 
apparently, being seized upon as a 
chance to upset the apple cart by those 
few who have stubbornly held that any 
other than strictly technical subjects 
had no place in the engineering picture. 
We may have to fight this battle all 
over again. In fact, there has already 
been brought forward the old proposal 
to abandon the present plan of placing 
the liberal studies in the first two years 
of the engineering program and, in- 
stead, to scatter them throughout the 
four years of the course. 

This suggestion is not only impracti- 
cal (engineering students will not give 
the time and attention required to gen- 
eral studies when they are loaded up 
with technical requirements) but—and 
this is far more important—it will not 
solve the basic educational problem 
involved. 

In addition to general educational 
values, the major recognized objective 
of liberal studies is that of giving the 
engineer some perspective and under- 
standing of the relationships of his 
profession to modern life. This re- 
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quires, first of all, some knowledge of 
general economic, social and political 
history, of the general picture of which 


engineering today is part. Apparently . 


the theory back of this proposal is that 
this picture can be integrated with the 
engineering teaching by developing it 
in parallel with the engineering courses. 
It should be quite obvious, however, 
that this general background can ac- 
tually be integrated with engineering 
teaching only by insisting that engi- 
neering teachers in their own courses 
give some attention to the relationship 
of their teaching to the affairs of the 
modern world. The mere act of sand- 
wiching in liberal studies here and 
there in the engineering curriculum 
affords no solution for a problem which 
will probably not be solved until we 
have a new generation of engineering 
teachers who themselves have some lib- 
eral interests. 

The now generally accepted plan 
also has important values in the fact 
that students who, as so often happens 
in the freshman or sophomore years, 
find themselves unfitted for engineer- 
ing studies, can transfer to other fields 
without failure or loss of time. The 
waste of educational effort and the 
blighting effect of failure which ac- 
company the too common practice in 
engineering schools of flunking out 
half of a class in the freshman and 
sophomore years, certainly is not desir- 
able. 

It is to be hoped, therefore, that the 
established practice of our leading en- 
gineering schools of offering first the 
general education and scientific studies 
will be quickly resumed following the 
close of the present conflict. 

To summarize, therefore, it seems 
clear that, while we shall lose some 
hard won progress as a result of the 
war, there should be no major difficul- 
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ties, once the war is over, in restoring 
our schools to normal procedures and 
in regaining the standards we have tem. 
porarily set aside. Indeed, the major 
effect of the war on engineering edu. 
cation will, I believe, be found to be in 
its stimulation of a more progressive 
and aggressive viewpoint, in freeing ys 
from some of the inhibitions and re 
luctance to change, too common in the 
past, in emphasizing the necessity for 
increased efforts in anticipating future 
needs, and for more rapid adjustment 
of curricula and teaching methods to 
meet these needs. The war, as we have 
said, has turned public attention to a 
consideration of the future, of the 
kind of world we may look forward 
to after the war. This is, therefore, 
no time for a static viewpoint in en- 
gineering education, for the notion that 
sufficient unto the day is the evil thereof. 

Any fair evaluation of the part engi- 
neering must play in the post-war world 
will, I am confident, prove that the fu- 
ture progress of our country will de 
pend, even more than in the past, on 
scientific and engineering advances 
and, thus, fundamentally on the far- 
sightedness and effectiveness of engi- 
neering education. The major problem 
we face, therefore, is that of clarifying 
our picture of the function of science 
and engineering in modern life, of ap 
praising trends and prospects, and of 
seeking more effective means of pre 
paring for the opportunities which the 
future will afford, and for meeting the 
responsibilities which we will be called 
upon to assume. 

As Professor John Dewey pointed 
out almost a quarter century ago, mod- 
ern history is the history of engineer 
ing and science. “No amount of desife 
to make money, or to enjoy new comt- 
modities, no amount of mere practical 
energy and enterprise,” says this emi- 
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nent philosopher, “would have affected 
the economic transformation of the last 
few generations.” The fundamental 
source of the phenomenal progress 
which western civilization has made in 
the last century, raising the standards 
of life and living of all our people be- 
yond the wildest dreams of earlier gen- 
erations, has been scientific and engi- 
neering discovery, invention and 
application—what we may sum up in 
the term technological change. It is 
unnecessary to review the vital part 
which technological change has played 
in the rise of western civilization, not 
only as a potent instrumentality of ma- 
terial progress but in stimulating the 
inspiring philosophy so clearly stated 
by Professor Dewey: “Man is capable, 
if he will but exercise the required 
courage, intelligence and effort, of shap- 
ing his own fate. Physical conditions 
offer no insurmountable barriers. The 
patient and experimental study of na- 
ture, bearing fruits in inventions which 
control nature and subdue her forces to 
social uses, is the method by which 
progress is made.” The mission of en- 
gineering in modern life is clear. 

In his recent book, “One World,” 
Mr. Willkie attributes the remarkable 
advances of American civilization in 
past years in part to the unparalleled 
natural resources which have been 
available to us, in part to the pioneer- 
ing and enterprising spirit of our peo- 
ple, but in particular to the absence 
between our states of those national 
barriers which have for centuries dis- 
couraged economic codperation and 
growth in continental Europe. These 
controls, it is true, have had a vital 
effect, but they are secondary. Our 
primary source of progress is to be 
found in technology. In fact, the union 
of interests and effort which Mr. Will- 
kie emphasizes have been made possi- 
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ble by technical developments, by our 
facilities for transportation which, as 
he points out, are making this globe 
“one world.” Our _ ever-increasing 
standards of living rest on improved 
industrial techniques, processes and 
products, on scientific and engineering 
research, application and development. 

Our search for the means to a good 
life for man is in no way affected by 
the loss of those geographical frontiers 
which, to the defeatists of the last dec- 
ade, marked the end of the American 
way of life. The frontiers of the new 
world will be world wide and there is 
no frontier to future scientific and 
technical research. The fact that our 
population may, in another generation, 
reach a maximum growth, may be de- 
pressing to some statisticians, but it 
will have no effect on technological 
change, on the source from which our 
progress stems, and will give an op- 
portunity for higher standards for our 
own people. 

In fact, one of the outstanding phe- 
nomena of the past decade of doubts 
and fears has been not only the con- 
tinued but the accelerated growth of 
scientific and engineering research from 
which technological change springs. In 
1928 some $75,000,000 were spent on 
industrial and institutional research. 
By 1938 this sum had reached $180,- 
000,000 and in 1941 the total was esti- 
mated at $300,000,000—a fourfold in- 
crease in a period during which the 
calamity howlers claimed that Ameri- 
can initiative and enterprise had 
reached the end of the rope. The sci- 
entific and engineering material of 
progress has been continually growing 
and expanding. 

There has been, to be sure, no greatly 
increased production, no increase in 
the purchasing value of the dollar, 
little real progress over these years, 
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and much discouragement. The ques- 
tion may thus be asked: If technologi- 
cal change spells progress, why has this 


remarkable technological advance failed 


to restore progress? 

In part the answer is that technical 
improvements have made it possible 
for many companies to survive the 
longest depression in our history. But 
it is also true that there is both a time- 
lag in the practical application of such 
knowledge and that maladjustments in 
our economic system can retard or even 
nullify the potentialities for progress 
inherent in technological change. Prog- 
ress is not measured by research but 
by practice, by our ability to apply and 
use technological knowledge. During 
the last decade we have not only failed 
to correct some economic trends which 
have retarded the translation of tech- 
nical advances into increased standards 
of life and living but we have, through 
tinkering with symptoms instead of 
curing basic errors, further discouraged 
application and use, sabotaged progress. 

Back in 1932, Stuart Chase wrote a 
book called “A New Deal.” One of 
the questions he asked was: “What is 
an economic system for?” He then 
proceeded to point out that Wall Street, 
particularly during the twenties, had 
assumed that it was created primarily 
as a means of “making” money in six- 
teen pernicious ways, none of which 
added one iota to progress and all of 
which are now regarded by all reason- 
able men as economically destructive 
and wasteful. I think it has become 
clearer during the intervening years 
that the fundamental function of an 
economic system in a union of free 
people is the translation of technologi- 
cal change into social progress—into 
increased standards of life and living 
for all our citizens. But Mr. Chase 
apparently failed to realize that the 
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Merchants of Debt are not the only 
bad boys who can upset our economic 
machine. The practices, policies and 
controls of labor, government and busi- 
ness can and do exercise a far greater 
effect on the technological possibilities 
for progress than the speculative opera- 
tions of those who fancy they can 
“make” money. 

Technological change is responsible 
for new products, improved methods, 
and new processes and, thus, for re 
duced production costs. In the past, 
these advances have made possible in- 
creased wages for labor and increased 
opportunities for capital, but if the 
system is to work, some fair measure 
of technological change must be passed 
on to the public in a lower selling price 
for consumers’ goods. Increased pur- 
chasing power is the true measure of 
progress. Of what avail are two dol 
lars to the wage earner if they purchase 
no more than the dollar he formerly 
had? Of what use increased produe- 
tion if the selling price is also im 
creased by loading the purchaser with 
unnecessary burdens of made-work, 
inefficient distribution, and an antag- 
onistic and misguided government? 

Enlightened labor leaders have long 
been cognizant of the fact that higher 
wages for labor have been and can 
only be brought about by increasing 
the productivity of labor through mech 
anization and mass manufacture. This 
process inevitably leads to labor obso 
lescence, temporary dislocation, and in- 
justices; but these inevitable accom 
paniments of progress cannot be cured 
by creating artificial labor standards. 
Rising labor costs, unless based of 
technological advances, raise prices 9 
as to discourage purchase, destroy the 
market for labor’s services, and com 
fusion and depression follow. 

The basic factors in this situation 
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are revealed by the changes of the last 
thirty or forty years in one field. 
Building costs, unless checked, will 
soon place the older type of home be- 
yond the pocketbook of the prospec- 
tive home builder. Stone masonry 
has increased in cost from thirty or 
forty dollars a cubic yard to two hun- 
dred and over. Masonry is becoming 
a lost art, and masons are as scarce 
as blacksmiths. The rise of wallboards 
has been spurred on by the rising costs 
of lathing and plastering. Yet in- 
creased wages and, thus, increased 
purchasing power are not only desir- 
able but essential to progress. Also 
those most competent to judge believe 
low interest rates on capital are certain 
to prevail for some years to come. 
These are factors which force mecha- 
nization and mass production. The 
age of hand-craftsmanship is rapidly 
passing. This is a problem which can- 
not be met by strikes or walkouts. 
Lest you ask what all this has to do 
with engineering education, let me point 
out one probable line of development. 
The desire of many humans to make 
a home will be met in the future for 
the majority of our people only through 
pre-fabrication and mass manufacture. 
This will certainly be a post-war de- 
velopment, and it is an architectural, a 
civil engineering, a production prob- 
lem, in the solution of which our engi- 
neering schools can well play a part. 
Yet there are too many labor leaders 
who fail to face this basic problem of 
modern life, whose viewpoint is solely 
that of the opportunist, seeking only 
immediate gain for one group, ignor- 
ing moral principles, any general group 
interest, or any constructive, long 
Tange viewpoint. These racketeers of 


labor can upset and retard progress. 
Wage rates forced beyond the _possi- 
bilities of increased production, “feath- 
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erbed” regulations in railroad opera- 
tion and the sins of made-work in the 
building and construction industries 
not only discourage progress, but also 
sabotage the real progress of labor 
itself. 

These facts seem self-evident, but 
it is also true that equally obvious 
truths in connection with the relation- 
ship of modern business to our eco- 
nomic order appear to be too often 
ignored not only by business but by 
many of our academic brethren in eco- 
nomics and political science. Many of 
these cloistered reformers are appar- 
ently not aware that our economic sys- 
tem is a complicated piece of modern 
technical machinery which must be 
studied as such, and in a realistic way. 
They still regard it as the shuttlecock 
in a game of philosophy and logic, or 
as a bit of clay which can be shaped 
to the form of any Utopian dream. 
They still speak of the vested interests 
as if the malefactors of great wealth, 
against whom the first Roosevelt bat- 
tled, were still vital factors in Ameri- 
can life. 

The situation has changed since the 
days of Adam Smith, and Messrs. Car- 
negie, Morgan, Rockefeller and Mellon 
are no longer with us. Our great in- 
dustries today are generally owned by 
a multitude of shareholders and are 
managed by groups of trustees whose 
greatest shortcomings are not the out- 
rageous salaries they vote each other, 
but those which stem from the ultra- 
conservative attitude which seems to 
be the characteristic defense mecha- 
nism of trustees of any kind. They 
are unwilling to take chances and be- 
lieve their responsibility is to their ab- 
sentee owners and is best met by avoid- 
ing change, maintaining price-levels 
and the status quo—in short, by what, 





252 POST-WAR PROBLEMS OF ENGINEERING EDUCATION 


I am told, is vulgarly but expressively 
known as “sitting on their assets.” 
Needless to say, this unprogressive 
attitude is not calculated to aid in the 
translation of technological change into 
social progress. It has been said that 
the best policy for business must, in 
the end, be that policy which is best 
for the American people. Further- 
more, unless we are greatly mistaken, 
the period in which this air-tight plan 
would lead to a safe and secure posi- 
tion has passed, or is rapidly passing. 
Time was when certain industries sat 
enthroned in realms of what were 
called natural monopolies. Techno- 
logical change is no respecter of such 
rule. There is a vast difference, for 
example, between a transportation sys- 
tem in which our railroads could oper- 
ate on a public-be-dammed policy, and 
a situation in which they must compete 
with the pipe-line, the motor truck, 
and the airplane. Technological change 
has jarred railroad management out of 
its complacency and the railroads are 
also faced today with unreasonable 
burdens which are in part the out- 
growth of an unprogressive past. 
Recent research has, in fact, been 
characterized, particularly, by new de- 
velopment in the field of materials— 
aluminum, thin sheets of stainless steel, 
artificial ‘rubber, plastics, wallboards, 
plywood—which promise a new era of 
competition. One of our younger Co- 
lumbia graduates, Roland P. Soule, 
who is a consulting specialist on busi- 
ness and industrial trends, pointed out 
in a talk he recently gave to our Faculty 
that the modern motor car is a com- 
posite of composites—several types of 
alloy steel, several plain and reinforced 
plastics, impregnated paper, plywood, 
shatterproof glass, cushions of arti- 
ficial rubber, and upholstery of arti- 
ficial leather or of fabrics of artificial 


fiber. We are not only entering by 
have entered an era of new materials 
and combinations of’ materials. Eyey 
the steel industry, long occupying a 
unique position as producer of 95 per 
cent of our metal needs, may ult 
mately feel the effect of this new de 
velopment. Steel makers have lon 


_ been conservative in viewpoint, re 


tively backward in research, and satis 
fied that any efforts to further reduce 
costs will not result in commensurate 
increases in demand. No one material 
or even combination of materials can, 
in all probability, materially affect th 
steel market, but they may make a 
non-progressive attitude no longer ten- 
able. Similarly, the textile industry 
can no longer think only in terms of 
wool, cotton and silk. Artificial fibers 
have already displaced the last and 
cannot be ignored. Such competition 
can be far more ruthless than that of 
the price wars of past years. 

Mr. Soule also pointed out that we 
have hardly scratched the surface a 
yet of the manufacturing and use pos 
sibilities for many of these new mate- 
rials and composites. The cost of 2 
product is not measured by the cost 
per pound of the raw material. To this 
must be added fabricating or manufac 
turing costs, and a new field is open to 
industry—particularly to the smal 
manufacturers—in the development and 
exploitation of manufacturing ted 
niques specially adapted to these new 
materials. 

It also seems clear that these mot 
ern trends are breaking down the bar 
riers which formerly hedged in certait 
industries and techniques. Many che 
ical industries which were built uponé 
single product now realize that thet 
stability in a future of more rapid 
technological change can be 
only through a diversification of prot 
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ucts. Witness, for example, the wide 
diversity of output of such companies 
as du Pont, Hercules Powder, and 
American Cyanamid, to name but a 
few. Progressive companies, in short, 
are now redoubling their research ef- 
forts in order to prepare for post-war 
needs, and these efforts are no longer 
directed. toward quality and cost im- 
provements in established lines, but to- 
ward new processes and products, often 
quite remote from their former line o 
business. 

Similarly, new techniques are being 
widely used in modern manufacturing. 
The use of radio tubes and photoelec- 
tric cells, of temperature control, and 
similar electrical devices, is no longer 
limited to one field. The structural 
expert no longer confines his activities 
to bridge design but has become an es- 
sential member of the aircraft industry. 
There can be no question that many 
branches of engineering education as 
well as industry. can benefit through 
the exchange of methods and techniques 
which have been too long held in water- 
tight compartments. 

I do not want to bore you with a too 
long recital of some of these major 
trends and changes which, while they 
have been in the making for some years 
and have not stemmed directly from 
the war, will undoubtedly be acceler- 
ated by the war, and will be increas- 
ingly characteristic of post-war life. I 
think you will agree that they hold, as 
I said in the beginning, far more vital 
meaning for the future of engineering 
education than any of the immediate 
changes and adjustments which the 
war has brought about. 

It seems quite clear, for example, 
that the future engineer, facing not 
only a wealth of new materials and 
many new techniques but a world of 
accelerating change, must be more than 
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narrowly trained in one field and in 
past traditions and empirical, hand- 
book practices. The man who is to 
use new materials and apply ever ad- 
vancing techniques to new problems of 
production must be thoroughly trained 
in fundamental principles and in the 
use of the most modern tools of sci- 
ence and engineering. We must re- 
vise our teaching, abandon sugar- 
coated pills of factual information, seek 
a thorough understanding of basic 
principles, and the improvement of 
mental processes rather than training 
of the memory. The future graduate 
must, to be sure, keep his feet on the 
ground but his head must be above the 
level of the drafting table and the slide 
rule. I do not advise that we should 
encourage him to turn his imagination 
loose in a wild orgy of “modern” en- 
gineering as our friends in art and 
architecture appear to have done, but 
he must be a man of ideas as well as 
action, suspicious of the obvious, ready 
to abandon the old, to use new tools, 
and courageously to venture into new 
fields. 

Clearly, also, one of the major de- 
velopments of our schools must be in 
increased research and training for re- 
search. The importance of research 
to our post-war progress cannot be 
exaggerated. Our engineering schools 
have in the past made many major con- 
tributions to technological progress. 
Industry recognizes this fact and must 
plan for greater use both of the facili- 
ties for research available in these 
schools and for more effective support 
in the work of educating the research 
personnel which is essential to industry. 

Unfortunately our schools are being 
forced temporarily to abandon many 
of their normal research activities. 
Staff has been transferred to war re- 
search or must aid in carrying the in- 
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creased burden of accelerated under- 
graduate programs. Graduate students, 
on whom university research relies for 
personnel, have rapidly declined in num- 
bers. Fellowships and scholarships are 
going begging. Priorities limit the pur- 
chase of supplies and equipment. Plans 
for the continued development of re- 
search and graduate instruction con- 
stitute, I believe, the major post-war 
problem of our engineering schools. 
We must obviously look to our col- 
leagues in those branches of engineer- 
ing not directly affected by army and 
navy training programs to carry on 
such peace-time research as is possible 
in the emergency. Yet, the necessity 
of preparing for greatly increased re- 
search activity in post-war years is 
beyond doubt the major problem we 
face today. 

From. the educational standpoint, I 
think it is no exaggeration to say that 
without the stimulation which even a 
very modest research program affords, 
engineering education can, and often 
does, become a spiritless, dull routine 
of imparting out-of-date information. 
Change is the essence of our educa- 
tional contract. The engineering school 
which is satisfied as to its status, which 
is no longer worried about its oppor- 
tunities and responsibilities and has 
ceased to change and grow, is not 
static, it is dead. Research gives to 
engineering teaching a vitality and 
spirit of adventure which it may other- 
wise sadly lack. It serves to stimulate 
staff and student, to fertilize teaching 
in all levels from professorship to as- 
sistantship, and from Ph.D. candidate 
to entering freshman. 

In spite of our notable contributions 
the past research situation in our engi- 
neering schools has not been too healthy 
in recent years. There have been times 
when our schools seem to suffer from 
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an inferiority complex in their researeh 
attitude—from the notion that only the 
well-equipped and generously finance 
industrial laboratory can undertake 
worth while research. Industry has no 
such illusions. It knows the schogks 
have been, as we have said, a major 
factor in this field. As the late Pr 


. fessor M. I. Pupin often said: “A good 


idea is half of a successful research,” 
No one group of men has a monopoly 
on ideas. It is true that engineering 
school research has not been developei 
as rapidly as it should if it is to beof 
the fullest service to education and tp 
our industrial life and, thus, to social 
progress. Industry has not given 
school research the full support it must 
have. The engineering school, partice 
larly the school which is part of a great 
university, possesses advantages of 
staff, experts in many fields, which, in 
view of the catholicity of modern te 
search, constitute an invaluable asset 
and an asset which few industries can 
economically duplicate. Yet such 
search often suffers from inadequate 
financial support. Gifts from private 
donors are not only too seldom directed 
toward the maintenance of researth, 
but are becoming fewer. The answer 
seems obvious. Industry and educe 
tion, having common interests and ob 
jectives, must codperate to further 
progress. Increased grants from larger 
companies for special investigations and 
fellowships, similar grants from ass 
ciations of smaller industries which 
cannot afford to maintain their ow 
laboratories, plus independent reseattl 
financed through the gifts of fa 
sighted individual donors, are essenti 
to the revival and growth in post-wat 
years of a basic source of new know 
edge on which industry has long relied 

All this does not, I believe, involtt 
any change in the main framework 
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engineering education. I am not one 
of those, for example, who favor an 
obligatory, five-year course. Four 
years to the first degree seem to me 
long enough, and four years are cer- 
tainly enough for many students. Yet 
it is quite clear that it is impossible to 
cover adequately in four years the en- 
tire educational possibilities of any one 
branch of engineering. We suffer to- 
day from an attempt to cram too much 
into four years. A simplification of 
the undergraduate course, eliminating 
specialization and purely descriptive 
matter, plus a year or more of grad- 
uate study for specially gifted students, 
is the sensible solution of the problem. 
Unfortunately, few undergraduate stu- 
dents will continue for this added grad- 
wate year unless employers will give 
the graduate student some reasonable 
preference in position and salary, and 
it has been an uphill struggle to con- 
vince our professional and industrial 
brethren, many of whom are still doubt- 
ers, of the value of such graduate 
study. This is, thus, a battle we must 
continue to carry forward. 

On the other hand, those engineering 
schools in or near urban centers have 
shown remarkable growth in part-time 
graduate registration in recent years. 
The truth is that an engineer can never 
cease to be a student—he must keep 
up-to-date for he is in a dynamic, con- 
stantly changing profession. Young 


men who are employed in engineering 


offices and who undertake graduate 
work, through late afternoon or eve- 
ning study, constitute, it seems to me, 
a most important type of graduate stu- 
dent, and should be encouraged by 
their employers to undertake this form 
of continuing education. The war has 
temporarily put an end to much of this 
activity but it is inevitable that, once 

war is over, there will be an in- 








creased demand for this vital, stimu- 
lating and important graduate service. 
* * * 


While we have attempted in this 
paper to outline some of the possibili- 
ties for engineering education which 
the future holds in store it must be 
admitted that there are many “ifs” in 
the picture. Yet, those most compe- 
tent to judge, predict that the shortage 
of all kinds of essential goods from 
houses to motor cars, from refrigera- 
tors to clothing, will afford an oppor- 
tunity for a real revival of peace-time 
production in post-war years which, if 
it is properly guided, can be made more 
than a flash in the darkness of eco- 
nomic doubt—can result in our return 
to the American way of life and in a 
new era of growth and prosperity. 

This is the big “if.” Technology 
will be ready but real progress de- 
pends, as I have attempted to indicate, 
upon our ability to correct past and 
current errors in our economic ma- 
chine. Government must abandon its 
antagonistic attitude toward industry 
and substitute therefore encouragement 
and an intelligent and far-sighted guid- 
ance. The American people will never 
be satisfied with a static, planned econ- 
omy which regiments them from the 
cradle to the grave. An opportunity 
for growth and improvement which 
only free enterprise can give is essen- 
tial to the continuance of the demo- 
cratic way of life. Business must be 
given a chance and, probably, some aid 
in meeting the problems it will face, a 
major one of which will be obsoles- 
cence. Our present system of taxation 
must be amended so as to make it pos- 
sible to write off from profits the cost 
of change. The excess profits tax is 
destructive of progress and totally op- 
posed to the encouragement of any 





256 POST-WAR PROBLEMS OF ENGINEERING EDUCATION 


constructive, far-sighted management 
policy. Labor also must be brought to 
a long-range viewpoint and must aban- 
don its obstructionist methods. 
Fundamentally, however, the prob- 
lem we face cannot be solved by any 
one group of men. Government and 
labor can help rather than obstruct but 
the main burden must rest on the in- 
_itiative and foresight of 135,000,000 
American citizens, on the initiative and 
skill of small business men and indus- 
tries, on our resourcefulness as indi- 
viduals and our ability to achieve that 
cooperative effort which is both the 
privilege and the price of liberty. En- 
gineering education must play its part. 
I believe that the first duty of our 
engineering schools is in educating our 
students and the public to the fact that 
a narrow opportunism, taking the cash 
while the taking is good, spells death 
to democracy. Intelligent codperation 


and a long-range viewpoint based op 
the ideal of increasing the standards of 
life and living for all our 
through technological advance are not 
only the way to progress but are ¢¢ 
sential to the maintenance of liberty 
and democratic institutions. 
This is not a future of calm and 


repose which I have attempted to out- 


line. The opportunities which pos 
war years will afford carry with them 
responsibilities for intelligent though 
and action. Yet, even today, in the 
midst of a world war, they give usa 
glimpse of a new era which can k 
ours if we accept the challenge its a 
tainment involves. In such an era our 
engineering schools can look forward 
to an ever increasing service to man 
kind, for we are responsible for the 
fundamental source of modern prog- 
ress—for the men of engineering, for 
the guardians of technological change, 
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This article is an abstract of a report 
presented to the National Advisory 
Committee on Engineering, Science, 
and Management War Training at their 
meeting held August 20, 1943, in re- 
sponse to a request made by the Com- 
mittee at an earlier meeting. The re- 
port was prepared in consultation with 
the members of the E.S.M.W.T. Wash- 
ington staff who are charged with the 
examination and approval of course 


proposals. 
Basic PRINCIPLES AND PROBLEMS 


The basic principles underlying 
ES.M.W.T. must be borne in mind in 
attempting any evaluation of the pro- 
gram. Briefly stated these are: First, 
each participating college assumes the 
responsibility of ascertaining local 
training needs and of developing 
courses to meet these needs. Second, 
the courses are not intended to pro- 
vide general technical education, but to 
give specific training to meet specific 
needs. These fundamental principles 
have presented new problems to the 
colleges and have called for some 
changes in their thinking and proce- 
dures. Each E.S.M.W.T. course must 
be complete in itself, must be fitted to 
the abilities and previous training of 
available trainees, must place the major 
emphasis on practical applications 
rather than on general theory, and 
must, in short, prepare its trainees for 
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immediate employment in a limited 
field rather than constituting a part of 
an organized curriculum preparing stu- 
dents for a great variety of positions. 

The colleges have done a splendid 
job of pioneering in the development 
of new types of courses to fit these 
specifications. They have been faced 
with many problems, not the least of 
which has been that of getting adequate 
statements of need from industry. 
Other grave problems have arisen from 
the increasing difficulty in securing 
properly qualified teachers, the grow- 
ing scarcity of equipment, and the 
steady depletion of the number of 
available trainees with satisfactory edu- 
cational qualifications. The solution of 
these problems has called for great 
flexibility, adaptability, and ingenuity 
on the part of teachers and adminis- 
trators in their efforts to maintain 
institutional standards, to meet the 
specialized needs of industry and Gov- 
ernment, and to utilize to the limit the 
abilities of available trainees. 


DIFFICULTIES OF PrRoGRAM ANALYSIS 


E.S.M.W.T. is authorized to pay the 
cost of college-grade courses to meet 
shortages in the fields of engineering, 
chemistry, physics, and production su- 
pervision. The breadth of this field 
of effort and the wide range of subject 
matter that may properly be included 
in it are well exemplified in the list of 
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types of courses which has been ap- 
proved by the Chairman of the War 
Manpower Commission under the terms 
of the act of Congress which author- 
izes continuation of the program for 
the fiscal year 1943-44. The list in- 
cludes such a wide range of subject 
_matter as to make a general analysis 
extremely difficult and to impose se- 
rious limitations of applicability upon 
any statistical study of the courses of- 
fered. Statistics based on national fig- 
ures must be used with great care, since 
E.S.M.W.T. is essentially not a na- 
tional program, but a large number of 
local programs, and national averages 
may or may not fit particular local sit- 
uations. For example, the demand for 
tool designers on a national basis seems 
to be about uniform, but in Pennsyl- 
vania the demand is showing a large 
decrease while in Texas it is increasing 
sharply. 

Each college participating in E.S.M. 
W.T. surveys local training needs and, 
in codperation with local industry and 
Governmental agencies, designs courses 
to meet the discovered needs. The in- 
stitution is charged with the responsi- 
bility of determining changes in the 
needs and of keeping abreast of trends 
in employment. This results in still 
further difficulty in attempting any 
general analysis of courses. With the 
exception of a few courses which have 
been standardized on the basis of na- 
tional needs and uniform requirements 
by Governmental agencies, it is in gen- 
eral true that no two E.S.M.W.T. 
courses are alike, even though the 
course title and general purpose may 
be the same. It has been the intention 
of those in charge of the program ever 
since its inception to avoid standardiza- 
tion and to keep the program flexible, 
able to meet specific local needs as they 
arise, to follow the general trends of 


war industries, and hence to give maxi 
mum service to the war effort. 

All of the foregoing discussion leads 
inevitably to the conclusion that the 
only method of analyzing the program 
which will yield really significant re 
sults is a separate analysis of each in 
dividual course, to ascertain if it jg 


organized and conducted in accordance 


with the intent of Congress; combined 
with a consideration of trends in e- 
rollments, to determine whether the 
program is responsive to changing ip 
dustrial needs ; and followed by a study 
of the results obtained, as measured by 
the placement of trainees and by the 
benefits derived from the program by 
industry and Government. 


ANALYSIS OF INDIVIDUAL CouRSE 
PROPOSALS 


From the inception of the E.DT. 
program every individual course pro 
posal submitted by participating insti- 
tutions has been carefully analyzed as 
suggested above. This analysis of 
proposals has, indeed, been one of the 
chief functions of the Washington staff 
and constitutes a major part of the 
duties of the Principal Specialists and 
their staffs. 

The E.S.M.W.T. Washington staf 
has a dual responsibility in the admir- 
istration of the program ; a responsibil 
ity to the Federal Government to se 
that expenditures and activities of the 
program are kept within the scope and 
limitations set out in the act of Com 
gress, without irtterpreting them 
strictly as to defeat or partially defeat 
the purpose of the act ; and a respons 
bility to the colleges to exercise a mint 
mum of control and to adopt proce 
dures designed to provide the speed 
and flexibility so often necessary i 
dealing with urgent needs and chang 
ing conditions in war industries. There 
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is also a joint responsibility of the col- 
leges and the Washington staff to see 
that the final records of the program, 
both in the colleges and in the Wash- 
ington office, are complete and in such 
order that they will be satisfactory to 
the auditors of the General Accounting 
Office, which office is charged by the 
legislation with the responsibility of a 
final audit of the program. 

With these responsibilities in mind 
the Washington staff examines every 
course proposal with the same care 
that a set of plans would be checked 
in an engineering office. There have 
never been any blanket approvals for 
course proposals, even for courses 
which exactly follow standard course 
outlines. Each proposal is examined 
by the Principal Specialists to ascer- 
tain whether or not it clearly and com- 
pletely sets forth the essential infor- 
mation concerning the proposed course, 
that it makes clear that the course 
properly comes within the scope of the 
program as set forth in the act, and 
that it constitutes a sufficiently detailed 
record of the course to satisfy future 
auditors. 

The following criteria are considered 
in appraising each course proposal : 

(a) The proposal should clearly set 
forth that a definite training need ex- 
ists or is reasonably forecast. This is 
considered especially important for 
preemployment courses. 

(b) The course outline and the qual- 
fications to be required of trainees 
should be stated in such a way as to 
clearly indicate that the course is de- 
signed to meet the stated need and that 
it will be conducted on the college level. 
When the course is started, the regis- 
tration forms which are filled out by 
the trainees should show that the train- 
tes actually enrolled meet the qualifica- 
tions stated in the course proposal. 
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(c) The qualifications of instructors, 
especially those who are not members 
of the regular teaching staff of the 
college, should be set forth in sufficient 
detail to clearly establish their compe- 
tence to properly conduct the course. 
Non-staff teachers should be under the 
educational supervision of a regular 
staff member in the department nor- 
mally teaching the subject. 

(d) The cost of the proposed course 
should be reasonable, taking into ac- 
count such factors as the amount and 
kind of experience required of teach- 
ers, the size of the class, and other 
pertinent considerations. 

If a proposal is inadequate in re- 
spect to one or more of the criteria 
mentioned above, correspondence is 
conducted with the college, resulting in 
either a modification of the proposal, 
its disapproval by the Washington 
staff, or its withdrawal by the college. 
Of the 15,280 course proposals sub- 
mitted during the fiscal year 1942-43 
slightly over 3 per cent were thus dis- 
approved or withdrawn. It is encour- 
aging to note that the proportion of 
courses withdrawn and disapproved is 
growing smaller as the colleges and 
the Washington staff come into closer 
mutual understanding. Of the courses 
finally approved approximately 12 per 
cent were later cancelled by the col- 
leges, the most frequent reason being 
inability to enroll a sufficient number 
of properly qualified trainees. 


TRENDS IN ENROLLMENTS 


It is the consensus of the Principal 
Specialists that the colleges are study- 
ing training needs rather closely and 
are submitting proposals in accordance 
with the changing needs. Each Prin- 
cipal Specialist cites examples of 
changes in the program in his geo- 
graphic area or field of specialization 
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as the war industries served experi- 
ence changes. 
As examples of the changing in- 


dustrial emphasis as reflected in the- 


numbers of course proposals submitted, 
the following might be mentioned : 


1. Chemistry of Powder and Explo- 
sives——When this course was first 
offered in the program the demand 
was so great that two classes for 
teachers of the subject were con- 
ducted, in which 33 teachers were 
trained. These teachers then con- 
ducted courses at their own colleges 
and a large number of people were 
trained in this field. The demand 
apparently was largely met, and dur- 
ing the past year there have been 
few courses offered in this subject. 


2. Surveying, Construction, and 
Structural Engineering.—When new 
plant construction was heavy (in- 
cluding construction of highways 
and airports) the demand for this 
type of course was heavy. In recent 
months, with construction work 
drawing to a close, the enrollment in 
these courses has fallen off rapidly 
and there are now few requests for 
such courses. 


3. Fundamentals of Radio.—In the 
first part of 1942 the needs of the 
Signal Corps and others resulted in 
a large number of courses in the 
Fundamentals of Radio, enrolling as 
many as 15,000 trainees at one time. 
Following the discontinuance of the 
enlisted reserve, training for the 
Signal Corps practically came to an 
end. Since then training has been 
carried on as a service to the large 
radio manufacturing industries and 
to the manufacturers of mobile war 
equipment which uses radio, such as 
tanks, planes, ships, etc. The num- 


ber of these courses is much smaller 
than it was at its peak. 


4. Courses for the Aircraft Industry, 
—These courses have steadily in- 
creased and the needs today are 
great, and in-service training is at 
a high level. The number of pre. 
production courses serving the air. 
craft industry is growing rapidly, as 
is the number of women bei 
trained. The emphasis has shifted 
from preémployment and in-service 
training for the more elementary 
positions to up-grading to fill more 
advanced positions. However, this 
up-grading in turn creates vacancies 
in the elementary positions, for which 
it is necessary to train women and 
non-draftable men. 


5. Courses for the Shipbuilding In- 
dustry.—This industry has _ been 
slower to utilize E.S.M.W.T. than 
many other industries, partly because 
of the use of standard designs for 
which the engineering and drafting 
has been done by naval architects 
in New York City. During the last 
year there has been a great increase 
in the demand for the training of 
supervisors, and also for the training 
of “assistant engineers” of various 
kinds. Pre-production courses are 
starting in certain sections of this 
industry. 

6. Mathematics ——The rapid exhaus 
tion of the supply of trainees with 
adequate preliminary training i 
mathematics has resulted in an it- 
crease in the number of courses 
which offer training in this subject, 
either to prepare trainees to take up 
other subjects or to meet deficienci¢s 
in mathematical training of employ- 
ees now on work where such de 
ficiencies are brought to light. 
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7. Chemistry and Chemical Engineer- 
ing—A comparison of enrollments in 
E.S.M.W.T. (1942-43) with corre- 
sponding enrollments in E.S.M.D.T. 
(1941-42) shows increases of 32 per 
cent for the entire program, 36 per 
cent for chemical engineering, and 69 
per cent for the field of chemistry. 
Subdivisions of chemical engineering 
show changes ranging from a decrease 
of 36 per cent in Inspection and Test- 
ing to increases of 172 per cent in 
Petroleum Chemical Engineering and 


E:D.T.—E.S.M.D. 
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offered has shown a very rapid in- 
crease. 

9. Women—tThe enrollment of 
women has shown a very marked 
increase during the past two years. 
The percentage of women trainees 
in the program is apparently still 
increasing, as is the percentage of 
pre-production trainees, both of these 
increases being the natural result of 
the increasing difficulties experienced 
by industry in finding and keeping 
satisfactory employees. 


T.—E.S.M.W.T. 


Maximum ACTIVE MONTHLY ENROLLMENTS 
(In thousands of trainees) 
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subdivisions of chemistry on the 
other hand show increases, ranging 
from 3 per cent in Fundamentals to 
102 per cent in Analytical Chemistry. 
8. Courses for Teachers of Mathe- 
matics and Physics ——The increasing 
emphasis on the teaching of mathe- 
matics and physics, in both high 
schools and colleges, brought about — 
by the great needs of the armed 
forces for men with training in these 
basic subjects, has created a large 
demand for the training of teachers 
in these fields during the fiscal year 
1942-43, and the number of courses 


show either quite marked increases 
or decreases in the number of course 
offerings in the fields mentioned. There 
are other fields in which the demand 
seems to be quite uniform. A few 
such fields are Engineering Drafting, 
Time and Motion Study, Materials 
Inspection and Testing, General Phys- 
ics, and most of the subdivisions of the 
field of management. 

The E.S.M.W.T. program in the 
field of production supervision was 
about 60 per cent greater than the 
E.S.M.D.T. enrollment, and it is an- 
ticipated that the demand for the cur- 
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rent year will be approximately the 
same, with decreases in some localities 
and increases in others. The distribu- 
tion of trainees among the several di-. 
visions of the management field ap- 
pears to be about the same under 
E.S.M.W.T. that it was under E.S.M. 
D.T., namely about 33 per cent in Per- 
sonnel Management, 33 per cent in 
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synthetic rubber, which are being con- 
ducted by the University of Pitts. 
burgh, Manhattan College, and several 
other institutions; some special grad- 
uate courses for Wright Field cop. 
ducted by Ohio State University, Ap 
tioch College, and the University of 
Dayton; a series of graduate level 


courses in various fields of chemistry 
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Accounting, 12 per cent in Industrial 
Management (Fundamentals), and 
from 3 per cent to 5 per cent in each 
of the other fields. In recent months 
a rapidly growing interest in courses in 
the field of Traffic Management has 
become evident, and an increasing num- 
ber of women are being trained for 
factory supervision. 

Other . interesting recent develop- 
ments in the program are the courses 
preparing men for work in the field of 


which have been conducted by Prinee- 
ton University in northern New Jer 
sey for chemists employed in the many 
chemical industries of that area; the 
Harvard full-time retraining course for 
business executives; and the Univer 
sity of Chicago full-time course for 
women office supervisors. 

In an endeavor to express some of 
these trends statistically the attached 
tabulation was prepared, showing 
three-month periods the enrollment # 
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certain E.S.M.W.T. courses. An ef- 
fort was made to include some courses 
in which the demand has remained 
reasonably steady, some in which it is 
still increasing, and some in which it 
appears that the peak demand has been 

The table shows for each 
quarter for each of the courses listed 
the maximum active enrollment during 
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different fields with each other, the 
attached graphs (Figs. 1, 2, and 3) 
were prepared. In constructing these 
graphs each course was treated sep- 
arately and the largest enrollment in 
that course was taken as 100 per cent. 
The enroliments for the various quar- 
ters were then converted to percentages 
of this figure, and the graphs plotted 
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any one month of that quarter. The using these percentages as ordinates. 


largest one of these maxima is under- 
lined and starred for easy identification. 
The position of the largest figure on 
each line indicates the period at which 
the greatest demand appeared for that 
type of course. A mere glance at the 


table will show that the trends in the 
courses listed have been quite different. 

To indicate the difference in trends 
graphically, and in an effort to devise 
a method of comparing trends in the 


This method of construction of the 
graphs enables comparisons to be made 
between the trends in courses which 
have wide differences in total numbers 
of trainees. The rate of increase or 
decrease in a course is indicated by 
the slope of its graph. For example, 
on the first graph (Fig. 1) it will be 
seen immediately that from the sec- 
ond quarter of 1940-41 to the third 
quarter of 1942-43 the rate of increase 
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in women trainees was more rapid than 
the rate of increase in total trainees. 
Indeed, for four of the quarters cov- 


ered by the graph the number of women. 


trainees increased relatively while the 
number of total trainees decreased. 
The graph for Chemistry of Explo- 
sives indicates a peak demand during 
the fourth quarter of 1940-41 and a 
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program, all of which show without 
question that a large majority of aff 
trainees are either employed in war 
industries when they register or accept 
such employment later. It is believed 
that a new system of reporting which 
is being instituted for the current fiscal 
year will yield somewhat more reliable 
figures as to the employment of train- 
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declining demand since, while the graph 
for Engineering Drawing shows that 
the demand for this type of instruction 
has varied in almost exactly the same 
way as has the total demand for the 
program. 


RESULTS OBTAINED 


Any study of the results obtained 
by the E.S.M.W.T. program presents 
many difficulties. Spot studies have 
been made during the course of the 











3. 3. 


ees, and will enable reasonably accurate 
comparisons to be made between the 
employment of trainees at the opening 
and at the close of each course. 

The value of the program to indus 
try and Government is even more dif- 
ficult to measure objectively than is the 
placement of trainees. It is seldom 
possible for an employer to give @ 
quantitative measure of benefits he has 
derived from the training of his er 
ployees. However, many employets 
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have gone on record to the effect that 
E.S.M.W.T. courses have been of dis- 
tinct value to them by making avail- 
able for employment persons with spe- 
cial training and abilities needed in 
their respective industries, and that 
properly qualified persons would not 
have been available but for the train- 
ing facilities offered by E.S.M.W.T. 
A good number have cited specific ex- 
amples of directly measurable aid to 
the war effort. On several occasions 
the participating colleges have been 
requested to ask the industries they 
have been serving for opinions as to 
the effectiveness of E.S.M.W.T. in 
expediting the war effort. In every 
instance the responses have been over- 
whelmingly favorable to the program, 
and there seems to be nearly unanimous 
opinion that the men and women (num- 
bering more than a million) who have 
been trained under this program have 
been enabled to make real contribu- 
tions to the national war effort, which 
they could not have made without the 
training. 

Probably the best evidence that in- 
dustrial executives consider E.S.M. 
W.T. training of distinct value to their 
industries is found in the growing 
practice of paying trainees during full- 
time periods of training. The latest 
estimate, based on a sample study, is 
that 6 per cent of all trainees in E.S. 
M.W.T. fall into this classification, and 
that the number is rapidly growing. It 
is hoped that the new reporting pro- 
cedures of the current fiscal year will 
yield accurate information on_ this 
point. 

In addition to its direct aid to war 
industries and Governmental agencies, 
the objective for which it was created, 
E.S.M.W.T. has been responsible for 
some important “by-products” which 
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should not be overlooked in any evalua- 
tion of the program. 


1. The colleges have developed new 
techniques in teaching and in course 
construction, which are applicable to 
the education and training of large 
sections of our population heretofore 
largely neglected, and which should 
and probably will pave the way for 
important developments in adult edu- 
cation and in technical institutes, 
both of which can make highly valu- 
able contributions to post war indus- 
try and to society in general. 


2. The close codperation which has 
developed between industry, Govern- 
ment, and the colleges has greatly 
benefited all three, and holds a real 
promise for post-war days. 


3. E.S.M.W.T. has raised the morale 
of a large number of citizens by pro- 
viding them an impetus to self-im- 
provement, by developing in them 
new abilities and capacities inherent 
but often unsuspected, and by giving 
them the self-satisfaction of know- 
ing that their personal contributions 
to the national war effort have been 
increased in value and effectiveness. 


CONCLUSIONS 


It seems apparent from this brief 
analysis that the E.S.M.W.T. program 
has realized the objectives of its origi- 
nators. It is a flexible program, able 
to adjust itself to changes in war in- 
dustries, and to meet local training 
needs as they arise. It seems evident 
that courses are offered in an attempt 
to fill definite and specific needs of war 
industries, and not simply because they 
have been offered in the past, nor 
merely to fit the wishes of individual 
trainees. The Washington staff has 
been vigilant in attempting to make cer- 
tain that every course proposed by the 
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colleges complies with the specifications 
laid down by the Act and the Regula- 
tions. But probably the greatest as- 


surance that E.S.M.W.T. courses are. 


being conducted in accordance with the 
intent of Congress lies in the fact that 
those in charge of the institutional pro- 
grams are responsible persons of hon- 
esty and integrity, that each participat- 
ing college assumes full responsibility 
for all the courses which it offers, and 
that each college is very naturally jeal- 
ous of its reputation and eager to main- 
tain and expand the geod will of the 
industries and Governmental agencies 
which may be expected to use the prod- 
ucts of its regular curricula. The most 
effective way in which they can accom- 
plish this purpose is by giving these 
agencies satisfactory service, and by 
making every possible effort to assure 
that the trainees in its E.S.M.W.T. 
courses receive training which is as 
adequate and effective for its intended 
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purposes as is the education of the reg. 
ular students of the college for its in. 
tended purposes. 

The belief that these efforts are meet- 
ing with general success appears to be 
well established by employment records 
of trainees and by the many letters re- 
ceived from industrial and Govern. 
mental executives, testifying to the 
benefits derived by their companies or 
agencies from E.S.M.W.T. courses, 
It seems evident that the training has 
helped to make possible faster, more 
efficient and more economical produc- 
tion of vital war materials—to say 
nothing of the many “by-product” val- 
ues which have resulted. It is impos- 
sible to determine objectively the pre- 
cise monetary value of E.S.M.W.T. to 
the nation or its exact effect on the 
war effort. There seems to be no 
room for doubt, however, that it has 
rendered service which has been out 
of all proportion to its cost. 
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American Standard Symbols for Heat and 
Thermodynamics 


By SANFORD A. MOSS 
Consulting Engineer, General Electric Company, West Lynn, Massachusetts 


mm nnnnnnnnn oooo pp q rr s ttttt 
wuuuu.” This is the way that the 
present author began an article on 
“Symbols Standardization” in the 
Journal, January, 1932. This was an 
anagram in which Hugens announced 
the discovery of Saturn’s rings in 1655. 
It was given as an illustration of a 
tendency that only recently has died 
out. This was the idea that some men- 
tal effort was to be required on the lan- 
guage or form of statement of a scien- 
tific or mathematical fact. But it is 
now pretty well agreed that mental ef- 
fort required for comprehension of the 
language or form of an expression, 
should be minimized, so as to permit 
concentration on the scientific or 
mathematical fact which is to be con- 
veyed. For this reason standardization 
of the letter symbols used in mathe- 
matical equations and expressions has 
been going on slowly since the 1932 
article was written. 

Symbols for Heat and Thermo- 
dynamics.—The present article is writ- 
ten to give some details of an example 
of this, “Letter Symbols for Heat 
and Thermodynamics including Heat 
Flow,” which just has been made an 
American Standard, Z10.4-1943, price 
55 cents, by the American Standards 
Association, 29 W. 39th Street, New 


York City, with the sponsorship of our 
Society. 

A letter symbol is defined as “a 
singie character, with subscript or su- 
perscript if required, used to denote a 
physical magnitude in mathematical 
equations and expressions.” A _ per- 
son who uses thermodynamics, or any 
other engineer or worker in applied 
science, has an infinite number of prob- 
lems, each in the content of his own 
rapidly expanding specialty. So he 
can concentrate his brains on his spe- 
cialty, since the mathematics and sym- 
bols are standardized so as to be labor- 
saving tools. 

The most important way in which 
this standardization helps scientists 
and engineers is the arrangement that 
all authors writing on a given subject 
shall use the same meanings for the 
letter symbols in their formulas. For 
example, D in a formula always de- 
notes “Diameter.” Readers readily 
learn such a set of standard symbols 
when the same ones are used in all 
publications, and are thereafter saved 
an appreciable amount of mental effort. 

At the present time a university stu- 
dent who may be taking courses in 
engineering thermodynamics, physical 
chemistry, theoretical chemistry, and 
chemical engineering, usually finds an 
entirely different set of symbols used 
for given concepts in each of the fields 
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mentioned. The mental readjustment 
that is required each time a student 
starts a new recitation gives a handi- 


cap which easily could be eliminated.. 


Electrical science is of comparatively 
recent origin, and some of the pioneers 
started international standardization of 
letter symbols for electrotechnics at 
such an early time in the history of its 
literature that practically all publica- 
tions in all languages now use the same 
letter symbols. No such fortunate sit- 
uation exists in other fields of science 
and technology, where great diversity 
exists. 

ASA Symbols Standardization.— 
The thermodynamics symbols list here 
discussed is part of a project initiated 
some years ago—‘Standardization of 
Scientific and Engineering Symbols 
and Abbreviations”’—under the spon- 
sorship of the American Association 
for the Advancement of Science, the 
American Institute of Electrical Engi- 
neers, the American Society of Civil 
Engineers, the American Society of 
Mechanical Engineers, and the Society 
for the Promotion of Engineering Edu- 
cation, to be carried out under the pro- 
cedure of the American Standards 
Association. 

As a result, there were issued lists 
of American Standard Symbols in a 
number of fields. Some recently have 
been revised and re-issued: “Letter 
Symbols for Hydraulics,” ASA Z10.2- 
1942, price 35 cents; “Letter Symbols 
for Mechanics of Solid Bodies,” ASA 
Z10.3—1942, price 25 cents ; “Illuminat- 
ing Engineering Nomenclature and 
Photometric Standards,” ASA .Z7.1- 
1942, price 25 cents; and now the 
“Thermodynamic Symbols,’’ ASA 
Z10.4, price 55 cents. Other revised 
lists. of previously issued standards, 
and some new lists, are in progress. 
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Identical Symbols in Different 
Fields——In all of these symbols lists 
particular efforts have been made to 
use the identical symbol for such con. 
cepts as are common to several fields, 
Workers in one field often have become 
accustomed to symbols of their own, 
regardless of usages in other fields with 
respect to the same concepts. But the 
different subcommittees have been very 
broad-minded in avoiding such con- 
flicts in the new lists already issued, 
and this is expected to continue with 
future lists. 

A completely logical list of symbols 
would have a single symbol for every 
concept, no matter in what field it 
might be used, and would have all 
symbols selected on a sound theoretical 
basis, regardless of present usages. 
But in default of an International Dic- 
tator to enforce such an allegedly logi- 
cal list, it just wouldn’t be accepted. 
Lots of symbols lists have been set 
forth by committees who proposed to 
reform symbols usages, which have 
accomplished nothing beyond collec- 
tion of dust on volumes of “Proceed- 
ings” in technical libraries. But we 
expect that the American Standard 
lists of Letter Symbols are going to 
merit actual use, and so we have tried 
to make a realistic compromise between 
existing usages, and idealism. 

Alternate Symbols.—One such com- 
promise has been listing of alternate 
symbols for some concepts. These are 
of two sorts. In some cases there are 
alternates of equal rank, denoted by 
listing two different symbols opposite 
a concept, with a comma between. 

In other cases, a preferred symbol 
in the list for a given field is duly 
listed, and an unpreferred alternate for 
this field, but which is in use in another 
field, is given in parenthesis or as @ 
footnote. Alternates thus arranged 
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have been found necessary in a few 
cases where a given concept has had 
different symbols in different fields, in 
each case with such widespread inter- 
national usage that agreement could 
not reasonably be expected. An ex- 
ample is use of both A and S$ for sur- 
face or cross-sectional area. 

Alternates also have been listed in 
cases where there have been well- 
established uses for a given concept, 
of two different letter symbols, one of 
which also was used for another con- 
cept in one or more lists. Then the 
alternate symbol could be used for one 
of the two concepts which have the 
same preferred letter symbol, and so 
avoid the obvious absurdity of use of 
the same symbol for two different con- 
cepts in a given text. An example is 
the use in the heat and thermodynamics 
list of “gq” for “heat flow rate” and 
“q, Q” as alternate symbols for “fluid 
flow rate.” All three symbols have 
had extensive use and the listing ar- 
rangement permits use of “q” for “heat 
flow rate” and “Q” for “fluid flow rate” 
in cases where both rates occur in a 
heat transfer or similar text. 

International Symbols Standardiza- 
tion—In many cases letter symbols 
are the initial letters of names. The 
fact that different languages use dif- 
ferent names has started the use of 
completely different letter symbols for 
the same concept in nations using dif- 
ferent languages. For this reason, 
international standardization of sym- 
bols for all fields of science and tech- 
nology seems impossible at the minute. 
However, with people using the Eng- 
lish language, the possibilities are much 
brighter. 

At the present time, even though 
people in the United States, Canada, 
England and other parts of the British 
Empire speak nearly the same lan- 
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guage, there is great diversity in the 
letter symbols used in textbooks and 
other scientific publications. This is 
in spite of the fact that books published 
in each nation are used freely in the 
other, that colleges exchange students, 
and that commercial concerns in each 
country have affiliates overseas. 
Hence, standardization by both na- 
tions, in codperation with the other, 
would be very advantageous. 

With this in mind the Royal Society 
of England arranged that the British 
Standards Institution start collabora- 
tion on lists of letter symbols for the 
English language, with other Empire 
standards associations, the Canadian 
Engineering Standards Association 
and the American Standards Associa- 
tion. The two latter bodies accepted 
the proposition. : 

The writer was in England in 1938 
as delegate to a meeting at Torquay 
of the International Electrotechnical 
Commission, where symbols for elec- 
trical quantities were pretty well set- 
tled internationally. While in Eng- 
land the writer participated in the 
above-mentioned arrangements for 
symbols for the English language for 
other fields, and definite progress 
was made in this direction. However, 
the impact of war on England presently 
compelled postponement of the project 
there. The American and Canadian 
Standards Associations have continued, 
with such information about the Eng- 
lish point of view that it is hoped that 
the ASA lists being issued will require 
but little addition when letter symbols 
for the English language again come 
to be considered. Furthermore, the 
American lists will give standards for 
our use until this happy time comes, 
and will furnish a definite statement 
of the American point of view when 
it does come. 
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Rules for Letter Symbols—As a 
part of the ASA symbols project there 
has been prepared a general set of 
rules for effective use of standardized 
letter symbols, and these “General 
Principles of Letter Symbols Stand- 
ardization” are prefixed to each one of 
the independent standards for the 
various fields. There is included the 
definition of a letter symbol given 
above. Distinction is made between 
Letter Symbols, as thus defined, and 
Abbreviations, Mathematical Signs and 
Operators, Graphical Symbols, and 
Chemical Symbols. 

There already has been cited occa- 
sional necessity for use of alternate 
symbols when a given text uses con- 
cepts from different fields which have 
the same letter symbol. The General 
Principles also give uses of subscripts 
to handle the same situation. Beside 
these General Principles which apply 
to all of the various lists for different 
fields, some of the individual lists have 
additional sets of Special Principles 
applying only to their own field. 

Acceptance of Standard Symbols.— 
Standardization in general is a very 
modern development. At one time 
every manufacturer of machinery made 
his parts to suit himself and used his 
own system of bolt threads, etc. Such 
an arrangement was considered very 
desirable because then new bolts and 
other parts for repairs would have to 
be purchased from the original manu- 
facturer. On this basis, every author 
would use his own set of symbols in 
an effort to compel readers to use his 
own publications exclusively. There is 
no need to go into the advantages aris- 
ing from the abandonment of such 
ideas, and the standardization of bolt 
threads, pipe threads, carburetor 
flanges, taper fits, and thousands of 
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other machine items, as well as Letter 
Symbols. 
There have been conservative 

who questioned the wisdom of machine 
standardization. The same thing oc. 
curs to some extent with respect to the 
standardization of letter symbols. 
Some authors will ignore the advan 


,tage to their readers of the use of the 


same symbols which everyone else em- 
ploys. Others will wait to see if every- 
one falls in line before abandoning 
their own symbol customs and adopt- 
ing the standard ones. In some cases, 
the reason back of such an idea is the 
mental inertia of the author himself to 
change his own habits. Often an aw 
thor writes in terms of a heterogeneous 
lot of symbols to which he has become 
accustomed, beginning with his own 
experience as a college freshman. It 
is natural that an author should feel 
that the symbols that he uses are in 
general use, whereas actual investiga- 
tions might show equal or greater use 
of other symbols. Of course, the 
easiest and laziest procedure is that 
an author will continue use of his own 
symbols without question. The more 
effort, however, that an author spends 
in making his symbols as well as his 
text easily managed, the more popular 
he will be with his readers. 

A very common disability with re 
spect to symbols, unfortunately most 
prevalent among the better authors, is 
the definition, in the midst of the text, 
of each symbol at the first place it is 
used. That is, the deduction of a 
equation is preceded by several symbdl 
definitions, “Let V be the peripheral 
velocity... .” Thus a leading book 
on the theory of gases gives, in the 
midst of a paragraph, » (Greek letter 
nu) as the symbol for “molecular der 
sity.” Thereafter in the formulas, 7 
is used without further definition 
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Three or four chapters on, if the reader 
has forgotten how v was defined, he 
must go back and search through the 
text to find the place where it is given. 
This particular book commits another 
serious offense, by also using A, » and v 
(lambda, mu, nu), as direction cosines, 
to define the direction of a vector, so 
that the same symbol vy is used with a 
second wholly different meaning. Af- 
ter a few equations using v with the 
second meaning, comes an equation us- 
ing it with the original meaning. The 
author is so engrossed in his subject, 
and is so familiar with his own sym- 
bols, that he assumes that his readers 
are equally expert, which is far from 
being the case. The mathematics in 
this particular book is very difficult and 
possibly the author feels that anyone 
who can master them does not need 
to have a symbol system easy to under- 
stand. Yet I myself and no doubt 
many others, often lose hours in trying 
to puzzle out a mathematical text be- 
cause the author has not given a defi- 
nite statement covering letter symbols. 
Fortunately it is getting to be a com- 
mon custom to include in a book or 
article a complete list of the symbols 
used. Upon completion of a few more 
of the ASA lists which are now under 
way, it is to be hoped that the editors 
of all technical society transactions and 
proceedings will specify that all au- 
thors of papers must use standard 
ASA symbols. It is expected that 
publishers of technical books will be 
able to make a similar requirement. 
But even when all of this occurs it no 
doubt still will be desirable that each 
author of a paper or book include a 
complete list of the letter symbols that 
he uses. 

In some texts written for a particular 
field, an author has chosen symbols 
most convenient for him at the minute, 
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often without consideration of symbols 
used in other fields for his concepts. 
Some such books have become so popu- 
lar that successive editions have been 
printed, and other writers have fol- 
lowed the symbols customs of the 
original author. This causes a clash 
when an attempt is made to standard- 
ize a single symbol for a given concept, 
regardless of the field in which it is 
used. Difficulty from such divergent 
practices is one of the reasons for stand- 
ardizing symbols. We can’t make an 
omelet without breaking eggs. So 
when such divergent practices exist, 
either there must be standardized a 
number of confusing alternates, or 
some authors must give up their past 
practices for the general good. 

A number of cases of this kind have 
arisen in the arrangement of the sym- 
bols for heat and thermodynamics. In 
some cases, authors have been broad- 
minded enough to agree to what has 
been shown to be a fairly general prac- 
tice, in spite of their own previous 
divergences. In other cases, two dif- 
ferent eminent authors have started out 
with divergent symbols, and followers 
of both have been reluctant to give up 
the divergent practices. 

But we are trying to arrange a set 
of standard symbols for heat and ther- 
modynamics, whether for chemists, 
physicists, mechanical engineers, chemi- 
cal engineers or what. Divergent sym- 
bols have been used in these different 
fields and in order to standardize, some- 
body has to give up. In a number of 
cases in the present list extensive search 
has been made of current literature in 
various fields, and a symbol finally 
selected on the basis of majority use, 
or probability of acceptance by a ma- 
jority. The author, as chairman of 
the subcommittee on Symbols for Heat 
and Thermodynamics, has filed a num- 
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ber of exhaustive lists of usages for a 
number of particular concepts, and will 
be glad to furnish copies to those in- 
terested. These lists, and correspond- 
ence about them, went back and forth 
among members of the subcommittee, 
and a final selection was agreed upon 
either unanimousuly or by a very large 
majority, on the basis of best serving 
the general good. It is repeated that 
standardization is needed because of 
divergences, so that sacrifice by some, 
of their symbols customs, is necessary 
for this general good. 

Following are given the selections 
for the Thermodynamics list in par- 
ticular cases where divergences have 
existed. These selections were based 
on lists of usages by various American, 
British and continental authorities, cop- 
ies of which are available. 

Energy in general, or total or molal 
work, has the symbol “E” in a good 
many texts. In these and in many 
other cases “U” is the symbol for in- 
ternal or intrinsic energy. There also 
has been some use of “E” for internal 
and intrinsic energy. It was decided 
that a definite distinction between en- 
ergy in general and internal energy was 
desirable, and so “E” was selected for 
the former and “U” for the latter. 

A matter which caused a large 
amount of discussion was the selection 
of symbols for what G. N. Lewis and 
his followers have called “free energy,” 
H-TS; and for the different thing 
called the “Gibbs Function” or “ther- 
modynamic potential,” which Helm- 
holtz called “free energy,” and which 
is U-TS. In these formulas generally 
accepted standard symbols are U, in- 
ternal energy ; H, enthalpy ; T, absolute 
temperature ; and S, entropy. The dis- 
cussion arose because Dr. Lewis used 
“F” for what he called “free energy,” 
while many .continental and British 


SYMBOLS FOR HEAT AND THERMODYNAMICS 


writers used the same symbol “F” for 
the different concept which Helmholtz 
called “free energy.” This causes con- 
fusion in parallel use of British or con- 
tinental texts, and some American 
texts. Dr. Rossini of the Bureau of 
Standards pointed out that since “F” 
had appreciable usage, with two quite 
different meanings, it had best be aban- 
doned altogether. So selection was 
made of the symbol “A,” for U-TS, 
following G. N. Lewis (Helmholtz 
called this “free energy”). And selec- 
tion was made of the symbol “G” for 
H-TS, following a great deal of usage. 
This selection requires that some Amer- 
ican chemists give up their usage of 
“F” for H-TS, since it also has been 
used for U-TS. Long continued dis- 
cussion showed that this would make 
for the general good. 

Time, and Fahrenheit or centigrade 
temperature, both have had such ex- 
tensive use of the symbol “?” that it 
seemed necessary to perpetuate this 
double usage. But there has been a 
great deal of discussion as to what 
should be done when both concepts 
appear in a single text. In such cases 
there has been some use of “t” for 
temperature and “@” for time. Some 
of the early masters of thermodynamics 
used “@” for temperature, so that this 
symbol has become associated with the 
thought of temperature in the minds of 
many students of thermodynamics, and 
has use in many texts. An appreciable 
majority of our subcommittee thought 
that from the points of view of all 
sorts of people using thermodynamics, 
it was best to continue to associate “6” 
with temperature, and that its use as 4 
symbol for time ought not to be per- 
petuated. Greek “tau” has had an ap- 
preciable use as an alternate for “f’ 
for time, so the following arrangement 
was approved by a substantial majority 
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of our subcommittee and accepted by a 
substantial majority of other scientists 
and engineers with whom the matter 
was discussed : 

time, 

temperature C. or F. 
(@ also is used to de- 
note temperature dif- 
ference). 


ar. ¢ 
t or 0 


This gives ample provision for avoid- 
ance of conflict when time and tem- 
perature occur in the same text. 

Various ones of the symbols for 
radiation and humidity were subjects 
of appreciable discussion. A great 
many different sorts of people use sym- 
bols in both of these subjects and there 
have been wide divergences. A great 
deal of confusion and divergence also 
has been caused by uses of the same 
names for different concepts. But the 
American Standards Association sym- 
bols project does not include in its 
scope names or definitions. So stand- 
ardization of these has been sidestepped 
and there has been given only enough 
of a statement of a concept to distin- 
guish it clearly, but without standardi- 
zation of any such statement. But 
even with such sidestepping of names 
there still were great divergences in 
the symbols for a number of the con- 
cepts. Complete surveys were made of 
usages among all the different sorts of 
people using a given concept, and the 
final selection was made on the basis 
of the greatest good. 

In the case of symbols for radiation 
a great deal of discussion resulted in 
complete agreement with committees 
of the Illuminating Engineering So- 
ciety on a joint standard, ASA Z7.1- 
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1942. In the case of symbols for hu- 
midity, a great deal of discussion re- 
sulted in pretty good agreement with 
meteorologists, thermodynamists, and 
specialists in air conditioning. 

The meanings attached to the words 
“mass” and “weight,” and the symbols 
for them, long have been subjects of 
discussion. It is well known that phys- 
ical mechanics often uses “mass” as 
meaning gravitational force divided by 
gravitational acceleration, and always 
uses “weight” as meaning gravitational 
force on a body. However, Maxwell 
in his classical “Theory of Heat” wrote, 
“In all other cases, the word ‘weight’ 
must be understood to mean a quantity 
of the thing as determined by the proc- 
ess of weighing against standard 
weights.” Nowadays, a similar under- 
standing is popular, and when a chem- 
ist or thermodynamist or groceryman 
or lady on a reducing diet, uses the 
word “weight,” it has to them the sig- 
nificance of “quantity of matter,”. in 
spite of the other long established sig- 
nificance of “gravitational force.” So 
the same significance exists when pre- 
cise thinking engineers find the weight 
of a body by balancing it against stand- 
ard weights on an equal arm balance or 
groceryman’s scales. They can’t see 
any connection with gravitational force, 
since this “weight” is the same at any 
latitude or elevation although the gravi- 
tational force varies a great deal. So 
our symbols list must face the fact that 
two different significances really are in 
precise use, regardless of arrogation by 
each side that they are the ones that 
are “right.” We can’t settle which is 
right but we can insist on precise think- 
ing by both sides. 








Electrical Models in the Teaching and Application 
of Vibration Theory * 


By E. N. KEMLER and C. R. FREBERG 
School of Mechanical and Aeronautical Engineering, Purdue University, Lafayette, Indiana 


The authors feel that the study of 
electrical models and analogues has a 
teaching value as well as practical 
advantages in the solution of certain 
types of vibration problems. Me- 
chanical engineering students, for ex- 
ample, have a tendency to want to 
specialize in a very limited field, such 
as machine design, thermodynamics, 
automotive engineering, heating and 
ventilating, etc. They fail to realize 
that they are first of all engineers and 
that it is not until they accumulate 
practical experience in a particular 
field that they can call themselves 
specialists. Similar conditions exist 
in other fields of engineering. We 
believe that through such a medium 
as electrical models of mechanical 
systems the interdependence and simi- 
larity of the various branches of 
engineering can be shown. To the 
electrical students such analogues or 
models have value in demonstrating 
the equivalence of mechanical systems 
to those with which he is familiar. 
Analogues are frequently discussed in 
the literature. The mechanical ana- 
logue of simple electrical circuits is 
used in many elementary electrical 
engineering texts to show how elec- 
trical circuits operate. The electrical 
equivalent of a mechanical system is 

* Presented at the 50th Anniversary meet- 


ing (Mechanics), S. P. E. E., Chicago, III. 
June 18-20, 1943. 
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often used to demonstrate how the 
mechanical system operates. While 
the literature uses these in a general 
way as a means of giving visual or 
equivalent ideas, it does not contain 
discussion of numerical equivalence 
or show how to solve problems by 
their use. 

Electrical models of vibration sys- 
tems have many possible applications. 
Developments in electrical techniques 
and equipment have made it practical 
to measure many quantities in an elec- 
trical circuit, the equivalence of which 
cannot be easily measured in mechan- 
ical systems. The development of 
oscillographs, electronic switches, elec- 
trical oscillators and electronic tubes 
and circuits in general has done much 
to make such electrical measurements 
possible. The use of electrical models 
under certain conditions offers a sim- 
ple means of obtaining solutions to 
vibration problems that would require 
a great deal of numerical analysis. 

The visual result is also of consider- 
able value as a teaching aid. The 
general analysis of vibration problems 
is dry and the student will often lose 
interest because of the mathematical 
nature of the material. The intro 
duction of demonstration models or 
methods that give some visual picture 
will add interest as well as offer 
another medium for getting an idea 
across. The use of the electrical 
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model of mechanical system will also 
permit the solution of a large number 
of cases in a short time and can 
therefore be used to demonstrate 
trends and the effects of changes in 
different variables. 

The technical problems in design of 
models, mechanica! or electrical are 
not particularly difficult. It does re- 
quire more space than is available in 
this paper (1) (2) (4). The following 
discussion will consider some interest- 
ing phases of the subject which the 
authors feel will give the principles 
that may be extended to many other 
engineering applications and which 
also can be used to increase the 
interest in the subject of vibration. 


DIMENSIONAL ANALYSIS OF A 
MECHANICAL SYSTEM 


The general field of dimensional 
analysis has received a great deal of 
attention, particularly in connection 
with heat transfer and fluid mechanics. 
The general method of treating such 
problems always appears to contain a 
certain amount of mysticism and 
there is no general logical explanation 
for the mechanical manipulations 
which have been worked out to make 
the setting up of dimensional quanti- 
ties easy. 

The vibration field is adaptable to 
a different attack on the dimensional 
analysis problem. As a matter of 
fact it might be better to call it 
dimensionless analysis rather than di- 
mensional analysis. This method in- 
volves use of the ordinary differential 
equation. The differential equation 
for the motion of a weight W sus- 
pended from a spring as shown in 
Fig. 1a can be written in the form 


W dx ; 
: eer Zi a F sin vt. 
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If a change of variable is made in this 
equation by substituting in place of x 
the displacement, a new term, X, such 
that X=x/y, and for time ¢ a new 
variable T=wt, it is possible to get a 
dimensionless form of the equation. 
In this case y is some characteristic 
length or distance, and w is some 
angular velocity in radians per second. 
When these two dimensionless terms 
X and T are differentiated and sub- 
stituted in the above equation, we 
obtain a new equation in the form 


W ,@X dX 
7 amt” ar tx = Fsin~ =f. 


If this equation is divided by (W/g) yw", 
we obtain 


pant eS Go 
at a] at | wel 
Fg ie 2 
= lineal sin [;| a 


Since the terms containing only X and 
T or their derivatives are dimension- 
less, it follows that the quantities in 
the brackets are also dimensionless. 
These dimensionless quantities are the 
factors which determine the behavior 
of the actual mechanical system. The 
same dimensionless quantities could 
have been obtained by the application 
of the w theorem of dimensional 
analysis. The above method follows 
more nearly the principles which 
Bridgeman sets down in his book for 
the determination of dimensionless 
quantities. Bridgeman says, ‘‘The 
man applying dimensional analysis is 
not to ask himself on what quantities 
does the result depend, for this ques- 
tion gets nowhere and is not pertinent, 
instead we are to imagine ourselves 
writing out the equations of motion 
with sufficient detail to be able to 
enumerate the elements which enter 
them” (3). 
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The above method of analysis car- 
ries out the determination of the 
dimensionless quantities directly from 
the equation of motion without the 
artificial method normally employed 
in dimensional analysis. What di- 
mensional analysis attempts to do is 
to determine these dimensional quan- 
tities going through the steps of 
writing down the differential equa- 
tions. Where the equations of motion 
can be written down, is not the above 
method more fundamental and more 
indicative of what is actually taking 
place? 

From the method as _ indicated 
above, it would appear physically 
that the method of writing dimension- 
less quantities or reducing the differ- 
ential equations to a dimensionless 
basis is to express the factors as a 
percentage. That is, if instead of 
taking y as some characteristic length, 
we had selected x» the initial or 
maximum amplitude, the resulting 
amplitude X would be a percentage of 
the initial or xo value. Likewise, 
instead of referring to what takes 
place at a certain time, ¢, we speak of 
what takes place at a certain per- 
centage of any given cycle. In apply- 
ing the method of dimensional analysis 
directly, it is not clear from a physical 
point of view what is being done or 
what the reason is for a particular 
manipulation. 


DIMENSIONAL ANALYSIS OF AN 
ELECTRICAL SYSTEM 


The equation for a simple electrical 
circuit containing resistance as indi- 
cated in Fig. 1b can be written as 
follows: 


#0, 9303 


, tee= E sin ¢t. 
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This equation can be recognized as 
being similar in form to that for the 
free vibration of the mechanical sys- 
tem with damping. This electrical 
equation can also be reduced to a 
dimensionless form by substituting 
new variables, g=(Q/n and T=. 
This will give 


@q iz a4 1 
a Zo|a *|zZca}?2 
E ¢ 
[7a ” Bi : 


ANALOGY BETWEEN ELECTRICAL AND 
MECHANICAL SYSTEMS 


A comparison of the two equations 
for the free vibration of the mechan- 
ical system and that for the electrical 
system indicates an equivalence be- 
tween the various quantities. For 
example, x the displacement corre- 
sponds to Q the charge, dx/dt the 
velocity corresponds to dQ/dt the 
current, W/g the mass corresponds to 
L the inductance, r the damping 
corresponds to 1/C the reciprocal of 
the capacity, F the force corresponds 
to E the voltage, and the mechanical 
frequency corresponds to the electrical 
frequency. If the mechanical system 
is to be replaced by an electrical 
model, it is necessary for the dimen- 
sionless quantities in brackets to be 
identical. If this is done, the solu- 
tion, likewise, will be identical. 

In order to be able to measure 
equivalent quantities in an electrical 
system, it is only necessary to note 
that the charge on the condenser, the 
current flowing through a resistance, 
and the rate of change of current 
through an inductance are all propor- 
tional to the voltage drop across their 
respective terminals. Therefore, by 
measuring the voltage drop on these 
elements it is possible to find these 
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electrical values. Since the charge is 
analogous to displacement, the voltage 
drop across a condenser will indicate 
displacement in the mechanical sys- 
tem. The voltage drop across the 
resistance will indicate the velocity 
and that across the inductance coil 
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One very good class room applica- 
tion of the electrical analogue to a 
mechanical system is that of a one- 
mass system with damping. The 
electrical circuit makes it very easy 
to demonstrate the effect of relative 
amounts of damping on the behavior 
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will indicate the acceleration of me- 
chanical system. 

Figures 2 to 5 indicate other me- 
chanical systems and their equivalent 
electrical circuits. It should be noted 
that when the forces act in parallel in 
a mechanical system, the electrical 
elements are connected in series. 


of the system. A one-mass system 
with damping is represented by an 
equivalent electrical circuit with an 
inductance, a condenser, and a re- 
sistance all in series with a variable 
frequency alternating voltage or force 
as shown in Fig. 1. In this way the 
frequency may be varied to find the 
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maximum response and, thereby, the 
natural frequency. The values for 
the electrical elements in the circuit 
depend upon the values of mechanical 
elements to the extent that the di- 
mensionless quantities must be equal. 
A specific example will be worked out 
to illustrate the method. 

Let us assume values for a mechan- 
ical system where the weight W=10 
Ib. and the spring constant k=563 
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This shows that the displacement is a 
function of the ratios r/r. and v/w, for 
a particular system. The ratio r/r, 
is the measure of resistance that will 
be used as it provides the most general 
solution. The value of critical damp. 
ing for the above system is 





jel foe 563 X10 
ee es oe 
=7.65 lb. sec./in. 
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Ib./in. The amount of damping will 
be varied to find its effect on the 
system. 

It can be shown that vibration 
ceases when the critical damping 
r=r.=2VkW/g is reached. The 
equation for the displacement may be 


written as 
rv\? 
Tc Dn 


sin (vt—y) 





x= 





ne AD T+ 


0.03, the mechan- 


For a value of r/r,= 
ical resistance r=0.03X7.65=0.229 
Ib. sec./in. 

In order to set up an equivalent 
electrical circuit, it is necessary for the 
corresponding dimensionless numbers 


to be made equal. The dimensionless 
numbers that determine the induct- 
ance and the capacitance in the equi- 
valent electrical circuit are 
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and 
k 1 


maw CLO 
If it is assumed that all the frequencies 
in the electrical system are 100 times 
those in the mechanical circuit, the 
first equation is still satisfied. When 
the known quantities are substituted 
in the second equation it becomes 


563X386 1 
10X(w)*  CL(100.)?° 


Two of the electrical quantities are 
unknown so one may be chosen arbi- 
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For the case of r/r-=0.03 the value 
of mechanical damping was shown to 
be 0.229 Ib. sec./in. The value of the 
electrical resistance in the circuit is 
then 


rgLQ 
Ww 
0.229 X 386 X 0.023 x 100 
uA 10X1 








= 20.4 ohms. 


This is a reasonable value since the 
resistance of the inductance coil is 
only 10 ohms. There is an allowance 
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trarily. If an inductance of 23 milli- 
henries is used, the capacitance is 


10 


~ 563 X 386 X 0.023 X (100)? 
=0.2 mfd. 





C 


This is a convenient value to use. If 
it had not been reasonable, it would 
be necessary to go back and change 
the frequency ratio and possibly the 
inductance. 

The amount of damping must be 
determined from a third dimensionless 
number 


here for another resistance of about 
10 ohms from which to measure the 
current in the test circuit. 

This resistance might have been 
obtained directly for, by analogy, the 
critical resistance in an electrical 


circuit is 
iL 
R= nf. 


In our circuit the value of the critical 
resistance is 


0.023 
R,=2 02x10 = 680 ohms. 


The value of resistance for a relative 
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resistance R/R,.=0.03 is 
R=0.03 X 680 = 20.4 ohms. 


This shows that the relative damping 
is the same for both systems as should 
be expected for equivalent systems. 
To investigate the behavior of the 
system, it is necessary to supply an 
alternating voltage to the circuit 
which corresponds to a harmonic force 
applied to the mass. The response 
may then be noted by measuring the 
voltage on one of the electrical 
elements. 

Figure 6 shows a plot of calculated 
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It is possible to set up a switchboard 
wherein capacitor and inductance de- 
cades can be used to represent corre- 


‘sponding shafts and mass quantities, 


In such cases to see what effect change 
in shaft size would have merely re 
quires the turning of a dial, and the 
checking of either amplitudes or natu- 
ral frequencies as the case may re 
quire. Through such a system it is 
relatively easy to study the effect of 
change of masses, change of shaft 
sizes, and change in the amount of 
damping. 
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and measured displacement values for 
one value of damping. It can be seen 
that the agreement is relatively good. 

One practical and time-saving appli- 
cation of this method is to multi-mass 
systems for the study of certain 
designs. The electrical analogue per- 
mits the setting up.of an equivalent 
circuit for any one particular design. 
If the natural frequencies of such a 
circuit come at such speeds that might 
cause difficulty it is possible to study 
what could be done to change either 
the amplitudes or the frequencies 
through change of physical propor- 


tions. d 


Figure 7 shows a plot of the corre- 
lation between calculated and meas- 
ured natural frequencies on a three 
mass system. From a teaching stand- 
point the advantage of such a tool is 
that a large number of problems can 
be worked out and the effect of 
changing various quantities indepen¢- 
ently can be easily shown. Because 
of very complicated nature of the 
numerical calculations, particularly 
when damping is present, amplitude 
calculations or acceleration or veloc 
ity calculations are seldom made. 
Through such a medium as the elec 
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trical model a great deal can be added 
to the value of any course in vibra- 
tion. 
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Teaching of Graduate Courses to Undergraduate 
Students 


By NICHOLAS M. OBOUKHOFF 
Research Professor of Electrical Engineering, Oklahoma A. and M. College 


In order to prod effort and organize 
endeavor among undergraduate stu- 
dents of more than average ability, it 
has been found desirable to encourage 
those of them who satisfy some special 
requirements, to enroll and obtain 
credit for graduate courses. 

Undergraduate students who took 
up the courses were put to a severe 
test—they had to face the same re- 
quirements as graduate students; nev- 
ertheless, the results have been gratify- 
ing as the following account shows. 

Over a period of 121% years, begin- 
ning in the autumn of 1930, the total 
number of all the enrolled students has 
reached 71 among whom there have 
been 26 graduates joined by 43 under- 
graduates and 2 regular visitors (fac- 
ulty members with Ph.D. and M.S. de- 
grees, respectively). On the average, 
there have been slightly more than 1144 
courses per undergraduate student and 
a little less than 3 courses per gradu- 
ate. In other words, many under- 
graduates have taken more than one 
course: two or even three. Most of 
them have obtained grades of A or B; 
grade C has been less frequent; only 
in two cases there have been D’s. All 
in all, this is considered quite gratify- 
ing. Forty-three undergraduates have 
earned together 197 credits, i.e., 4.58 
per student; considering 3 credits for 
a standard graduate course, this aver- 


age gives slightly more than 1% 
courses per student as mentioned be- 
fore. By comparison, 26 graduates 
have earned 228 credits, i.e., 8.77 per 
student, which averages a little less 
than 3 courses per student. Yet the 
total of credits of the whole under- 
graduate group is only 13.6 per cent 
less than the aggregate number of 
credits of all graduate students. Natu- 
rally, they have obtained slightly bet- 
ter grades than their undergraduate 
classmates but the difference is small 
so that the result is rather a credit to 
the latter. 

The contents of the graduate courses 
offered by the writer (Dept. of Elec- 
trical Engineering) in connection with 
the above practice relate to engineer- 
ing, mathematics, and mathematical 
physics while the students have come 
and continue coming from Depts. of 
Electrical Engineering, Mathematics, 
Physics, Chemistry, and Mechanical 
Engineering—now primarily, if not 
exclusively, from the ranks of under- 
graduates who take those courses as 
“electives” or substitutes for requi 
ones in order to speed and raise the 
level of their education during the wart 
time. 


The above text is the abstract of the 
paper read by Nicholas M. Oboukhoft 
at the Annual Meeting of The Okla 
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BOOK REVIEW 


homa Academy of Science, Stillwater, 
December, 1942. 


Note: Since then to date, t.e. Oc- 
tober, 1943, 18 more undergraduate 
students have taken graduate courses 
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with additional 68 credits, thus raising 
the total number of the undergraduates 
to 61 and the aggregate number of 
credits earned by them to 265. There 
is no change with respect to the grad- 
uate group. 


Book Review 


The Engineer’s Manual of English, 
Revised. By W. O. SypHerp, AL- 
vin M. FountTaIn, and SHARON 
Brown. Published by Scott, Fores- 
man and Company, New York, 1943. 
503 pages. 


This is a revised edition of The 
Engineer’s Manual of English pub- 
lished in 1933. Its material has been 
brought up to date; appendixes have 
been added on military communication 
and public speaking; writing as writ- 
ing has received stronger emphasis; 
and a reorganization of the book as 
a whole makes it more convenient for 
use as a classroom text. Preliminary 
chapters deal with general problems in 
engineering writing, with the elements 
of composition, and with mechanical 
details. Separate chapters deal with 
correspondence; report writing; writ- 
ing for technical journals; bulletins, 
booklets, and catalogs; and the de- 
velopment of specifications. 

The authors know the writing prob- 
lems faced by engineers and know 
how to write for engineers. Their 


viewpoint is matter of fact rather than 
inspirational, and they emphasize the 
careful planning and workmanship 
necessary in the production of sound 
engineering writing. Stress is placed 
where it should be placed—on correct- 
ness, clearness, conciseness, complete- 
ness, accuracy, and convenience. 

In 1913 Professor Wilbur Owen 
Sypherd published A Handbook of 
English for Engineers. The present 
edition, then, is no spur-of-the-moment 
job but is a standard textbook de- 
veloped over a period of thirty years. 
It will be useful to both students and 
professional men. Students will find 
it valuable in courses in engineering 
writing and will believe of this edition, 
as they believed of earlier editions, that 
a copy belongs in their personal li- 
braries. An engineer given a writing 
task to do can turn to the book and 
learn how other engineers have done 
similar tasks and done them well. The 
models have been carefully selected 
and cover a wide range. 

Horton Bupp KNOLL. 





New Members 


ALSMEYER, WILLIAM C., Instructor in Civil 
Engineering, Missouri School of Mines, 
Rolla, Mo. E. W. Carlton, J. B. Butler. 

ANDEREGG, Rupert A., Professor of Civil 


Engineering, University of Cincinnati, 
Cincinnati, Ohio. H. B. Luther, R. C. 
Gowdy. 


Ax, Leann S., Professor and Head, Radio 
Engineering, Tri-State College, Angola, 
Ind. Alice Parrott, C. E. Shaw. 

Battey, Atex D., Assistant to Vice-President, 
Commonwealth Edison Co., 72 W. Adams 
St., Chicago, 90, Ill. H. T. Heald, L. E. 


Grinter. 
Bartey, Ratpu E., Associated Professor of 
Electrical Engineering, Virginia Poly- 


technic Institute, Blacksburg, Va. A. T. 
McClinton, W. A. Murray. 

Bennett, Burney B., Associate Professor 
of Language, Michigan College of M. T., 


Houghton, Mich. L. A. Rose, James 
Fisher. 
Brock, Joun E., Instructor in Applied 


Mathematics, Washington University, St. 
Louis, Mo. A. S. Langsdorf, J. W. 
Hubler. 

Bunker, ALBion H., Assistant Professor of 
Engineering Drawing and _ Descriptive 
Geometry, Virginia Polytechnic Institute, 
Blacksburg, Va. J. B. Dent, J. R. Castle- 
man. 

CuHarp, SoLtomon, Instructor in Electrical 
Engineering, University of Pennsylvania, 
Philadelphia, Pa. C. C. Chambers, C. D. 
Fawcett. 

Crosstey, F. R. Ersxrne, Instructor in 
Mechanical Drawing, University of De- 
troit, Detroit, Mich. Jasper Gerard, J. J. 
Vicker. 

DonNELLY, Harotp G., Assistant Professor 
of Chemical Engineering, Wayne Univer- 
sity, Detroit, Mich. A. R. Carr, R. H. 
Schoonover. 

Epcarton, Lewis S., Engineering Personnel 
Manager, Stromberg-Carlson Co., Roch- 
ester, 4, N. Y. M. J. Larsen, L. A. Ware. 

Epwarps, Frank W., Assistant Professor 
of Civil Engineering, Pennsylvania State 
College, State College, Pa. F. T. Mavis, 
R. O’Donnell. 


E.tassen, Rotr, Associate Professor of 
Sanitary Engineering, New York Univ, 
New York City. T. R. Camp, D. §, 
Trowbridge. 

Ensure, Jack T., Instructor in Engineering 
Drawing, University of Iowa, Iowa City, 
Iowa. J. M. Russ, F. G. Higbee. 

Evans, JAmes C., Director, Dept. of Engi- 
neering, West Virginia State College, In- 
stitute, W. Va. R. K. Downing, A, E 
Richmond. 

FINLAYSON, FRANK S., Assistant Professor 
of Mechanical Engineering Worcester 
Polytechnic Institute, Worcester, Mass. 
G. H. MacCullough, F. W. Roys. 

Gurney, Gorpon T., Instructor in Mechani- 
cal Engineering, Worcester Polytechnic 
Institute, Worcester, Mass. A. J. Staples, 
F. W. Roys. 

HELLER, RALPH, Instructor in Physics, Wor- 
cester Polytechnic Institute, Worcester, 
Mass. J. M. Petrie, F. W. Roys. 

Hiccinsottom, Epwtn, Professor of English, 
Worcester Polytechnic Institute, Worces- 
ter, Mass. C. J. Adams, F. W. Roys. 

Hotmes, ALEsTER G., Head, Dept. Mechani- 
cal Engineering, Mississippi State College, 
State College, Miss. Re-admission. 

HoLowENKo, ALFRED R., Assistant Professor 
of Mechanical Engineering, University of 
Pittsburgh, Pittsburgh, Pa. F. H. Stien- 
ing, P. E. Rush. 

Houston, Raymonp K., Assistant Pro 
fessor of Electrical Engineering, Worces- 
ter Polytechnic Institute, Worcester, Mass. 
F, J. Adams, F. W. Roys. 

Jackson, Kennet B., Associate Professor 
of Applied Physics, University of Toronto, 
Toronto, Ont. R. F. Legget, C. R. Young. 

Jackson, Wits, Assistant Professor of 
Mathematics and Mechanical Engineering, 
A and T College, Greensboro, N. C. L 

‘K. Downing, A. E. Richmond. 

Jounson, Cart G., Assistant Professor of 
Mechanical Engineering, Worcester Poly- 
technic Institute, Worcester, Mass. G. 
MacCullough, F. W. Roys. 

Jounson, Russet. H., Major, Ordnance 
Dept., ASTD, ASF., 3267 South Stafford 
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St., Arlington, Va. A. C. Callen, R. T. 
Gallagher. 

Jones, J. O., Dean, Professor of Hydraulics, 
University of Kansas, Lawrence, Kansas. 
F. M. Dawson, Nell McKenry. 

KerrH, WarrEN G., Assistant Professor of 
Engineering, University of Alabama, Uni- 
versity, Ala. J. M. Faircloth, G. H. 
Dunstan. 

Kirsy, Lonctey, R., Instructor in Civil En- 
gineering and Mechanical Drawing, Uni- 
versity of Arkansas, Fayetteville, Ark. 
G. P. Stocker, W. R. Spencer. 

KirKENDALL, Ernest O., Assistant Profes- 
sor of Chemical Engineering, Wayne Uni- 
versity, Detroit, Mich. R. H. Schoon- 
over, A. R. Carr. 

Lesser, ARTHUR, Assistant Professor of In- 
dustrial Management, Stevens Institute of 
Technology, Hoboken, N. J. W. D. 
Ennis, G. W. Barnwell. 

LissNER, Herpert R., Assistant Professor 
of Mechanics, Wayne University, Detroit, 
Mich. R. H. Schoonover, A. R. Carr. 

Loweke, GeorceE P., Instructor in Mechanics, 
Wayne University, Detroit, Mich. R. H. 
Schoonover, A. R. Carr. 

MacDonaLp, JAmes R., Assistant Professor 
of Chemical and Metallurgical Engineers, 
West Virginia University, Morgantown, 
W. Va. W. W. Hodge, W. A. Koehler. 

Mate, Cuartes T., Instructor in Civil En- 
gineering, Union College, Schenectady, N. 
Y. H. G. Harlow, A. Regg. 

MarTEENA, JERALD M., Dean, School of En- 
gineering, A. and T. College, Greensboro, 
N. C. L. K. Downing, A. E. Richmond. 

McAutay, Husert J., Instructor in Me- 
chanical Engineering, University of De- 
troit, Detroit, Mich. C. J. Freund, J. J. 
Vicker. 

Davi K., Librarian, Cooper 
Union, New York City. E. S. Burdell, W. 
S. Lynch. 

Moore, WarreN C., Supervisor, ESMWT, 
University of Alabama, Rt. Box 165, 
Huntsville, Ala. L. P. Arduser, G. W. 
Campbell. 

Newcomse, James A., Professor of Metal- 
lurgical Engineering, University of To- 
ronto, Toronto, Ont. C. R. Young, A. R. 
Zimmer. 

Owen, Samuet P., Assistant Professor of 
General Engineering, Rutgers University, 


New Brunswick, N. J. W. C. Holland, 
P. H. Daggett. 

PaTTERSOoN, WiLt1AM E., Area Supervisor 
ESMWT, University of Alabama, 223-6 
Johnston St., Decatur, Ala. L. P. Ar- 
duser, H. W. Taylor. 

Pou Le, FrepertcK V., Instructor in Engi- 
neering Mechanics, New York University, 
New York City. W. R. Bryans, J. K. 
Vennard. 

Portitta, Marcettus M., Instructor in 
Trades and Industries, Hampton Institute, 
Hampton, Va. G. W. Davis, F. L. Bishop. 

Rep, Georce W., Assistant Professor of 
Civil Engineering, University of Florida, 
Gainesville, Fla. P. L. Reed, Jos. Weil. 

ScHOONOVER, BONNIE-BLANCHE, Librarian, 
Worcester Polytechnic Institute, Worces- 
ter, Mass. F. J. Adams, R. M. Lane. 

Sercev, Sercrus I., Associate Professor of 
Civil Engineering, University of Washing- 
ton, Seattle, Wash. E. R. Wilcox, F. M. 
Warner. 

SmitH, Maurice E., Professor of Chemistry, 
Worcester Polytechnic Institute, Worces- 
ter, Mass. G. H. MacCullough, F. W. 
Roys. 

SPENCER, Marie W., Instructor in Industrial 
Engineering, Illinois Institute Technology, 
Chicago, Ill. J. C. Peebles, L. E. 
Grinter. 

Tuomas, Neit D., Ohio Northern Univer- 
sity, Ada, Ohio. Re-admission. 

Tucker, Raymonp R., Professor of Me- 
chanical Engineering, Washington Uni- 
versity, St. Louis, Mo. A. S. Langsdorf, 
J. W. Hubler. 

Wetts, A. Epwin, Assistant Professor of 
Engineering, Lowell Textile Institute, 
Melrose, Mass. R. D. Douglas, E. N. 
Gelotte. 

Witiams, Marvin O., Instructor in Aero- 
nautical Engineering, Alabama Polytech- 
nic Institute, Auburn, Ala. R. G. Pitts, 
G. A. Scott. 

Woops, KennetH B., Associate Professor 
of Highway Engineering, Purdue ‘Univer- 
sity, Lafayette, Ind. R. B. Wiley, W. E. 
Howland. , 

University oF Nevapa, Reno, Nevada. 162 
individual + 4 institutional new members. 


179 new members 11-10-43 








THE T-SQUARE PAGE 


Officers DEVOTED TO THE INTERESTS Officers 
W. E. Farnuam OF ENGINEERING DRAWING F. M. Porter 
E. F. Tozer N. D. THomas 
R. W._ FRENCH (Second of Four Issues) E. C. Wittey 
4 3 yates: : : e oceans 

. P, HorLscHER zs . _R. Worsencrorr 
G. M. PHeLps WitiiaMm E. Street, Editor 1 N. Axnote 
. A. Smutz 


Agricultural and Mechanical College of Texas 


A New Method of Axonometric Projection 


Pictorial reproduction has been useful to industry the last few years in presenting to 
new and untrained people a clearer understanding of assemblies. 

The fundamental theory of a “New Method of Axonometric Projection” presented by 
F. E. Giesecke, Professor Emeritus, The Agricultural and Mechanical College of Texas, in 
a discussion of Professor Hoelscher’s paper at the Drawing Division meeting of the Society 
for the Promotion of Engineering Education at Chicago in June is given herewith in response 
to several requests from drawing teachers. 














“The method of deriving an axonometric projection of an object directly from two views 
or projections of the object, illustrated in Fig. 1, was invented by L. Eckhart, a professor in 
the engineering college of Vienna, and published by him in 1937. The method was published 
in the United States in 1943 by Prof. R. P. Hoelscher of the University of Illinois, in Indus- 
trial Production Illustration by Hoelscher, Springer, and Pohle. By this service Professor 
Hoelscher has earned the gratitude of American draftsmen and teachers. The method is 
essentially the following. Place two views of the object in suitable locations on the drawing 
board and project, in suitable directions, from corresponding points in the two views. The 
intersections of the projecting lines determine the axonometric projections of the corre- 
sponding points. . 
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“To apply the method, it is best to make a freehand sketch of the desired axonometric 
projection and to select the locations of the two auxiliary views and the directions of the 
projecting lines with reference to the axonometric sketch as indicated in Fig. 2. 

“In presenting this new method to students, it is important to prove or to demonstrate 
the correctness of the method. This may be done easily as indicated in Fig. 2. Draw an 
jsometric projection of a simple rectangular object. Select one corner O of the object as 
the origin of codrdinates. Draw the codrdinate axes O X, O Y, and O Z to coincide with 
three edges of the object; the three codrdinate planes X O Z, the horizontal plane, X O Y, 
the vertical plane, and Z O Y, the profile plane, will then-coincide with three faces of the 
object. Select any point A in the X-axis as the point where the X-axis pierces the axono- 
metric plane. Draw the line A C perpendicular to the Y-axis; it is the line of intersection 
of the horizontal plane with the axonometric plane. Draw the line A B perpendicular to 
the Z-axis; it is the line of intersection of the vertical plane with the axonometric plane. 
Draw the line C B, the line of intersection of the profile plane with the axonometric plane. 
Revolve the right triangle A O C about its hypotenuse A C as the axis until it coincides with 
the axonometric plane; the upper face of the object, the top view, will then be shown in its 
true size and shape. To avoid confusion, the revolved position of the triangle A O C, with 
the top view of the object, was moved upward to A’ O’ C’. Similarly, revolve the right tri- 
angles A O B and C O B and find the true sizes and shapes of the front view and the side 
view of the object. 

“It is evident from Fig. 2 that since three projections or views of an object may be 
determined from the axonometric projection of the object, it is possible to determine the 
— projection of an object by projection from any two of the three views shown 
in Fig. 2. 





Sections and Branches 


Forty persons attended the first 
meeting of the Mathematics Division 
and the following papers were read 
and discussed : 

Experiments in Teaching Calculus. 
A. N. Milgram, University of Notre 
Dame; The Terrestrial Triangle. L. 
R. Ford, Illinois Institute of Tech- 
nology; ==4, a Story with Deep 
Consequences. M. A. Sadowsky, IIli- 
nois Institute of Technology; Some 
Aspects of the Theory of Flight. J. 
M. Dobbie, Northwestern University ; 
Remarks on War Programs. J. H. 
Zant, Oklahoma A. & M. College. 

Thirty persons were present at the 
second meeting where the following 
papers were presented and discussed: 

An Approach to: Calculus. Evan 
Thomas, University of Vermont; The 
Teaching of Calculus. G. A. Bliss, 
University of Chicago; Interesting the 
Engineering Student. W. L. Ayres, 
Purdue University. 

At the conclusion of the second 
meeting a business meeting was called 
by the chairman, L. R. Ford. S. F. 
Bibb acted as the local secretary. The 
following three motions were passed: 

The local secretary was instructed to 
cast a unanimous ballot for the slate 
of officers for the year 1943-44 as 
given by the chairman of the nominat- 
ing committee, W. L. Ayres: 

J. L. Synge, Ohio State University, 
Chairman. 

W. L. Stratton, Kansas State Col- 
lege, Member of the Executive Com- 
mittee. 

Since the committee on Engineering 
Problems Illustrating Mathematics— 


J. W. Cell, W. C. Brenke, G. E. Moore, 
and C. C. Torrance—had completed 
their task and had requested in writ- 


ing by their chairman, J. W. Cell, to 


be discharged, it was moved that this 
committee be excused. 

L. R. Ford, Chairman, was in- 
structed to write to the McGraw-Hill 
Book Company and thank them for 
their part in publishing in book form 
Engineering Problems _ IIlustrating 
Mathematics. 


Abstracts of the papers are as fol- . 


lows: 

Professor Milgram pointed out that 
the fundamental pedagogical problem 
attached to the calculus is contained in 
the fact that in the calculus for the 
first time the students meet theorems, 
the truth of which they cannot foresee. 
To meet this problem a sort of ex- 
perimental background should be sup- 
plied before rigorous proofs and defi- 
nitions are attempted. Plotting of 
many curves (plotting, entirely by 
graphical means, the slope curves) 
precede the usual course. Another 
introductory topic should be exercises 
in the formule of differential calculus 
and their significance. In this way a 
bridge over the gap between freshman 
mathematics and calculus can be built. 
This procedure has been followed re- 
cently at the University of Notre Dame 
with marked success. 

In this paper Professor Ford dis- 
cussed the problem of finding the dis- 
tance between two points on the earth’s 
surface from the knowledge of their 
latitudes and longitudes. After ex- 
plaining in simple terms the general 
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SECTIONS AND BRANCHES 


theory of alignment charts, he dis- 
cussed the possibilities of making 
charts which would solve this problem. 
As an example of the many possible 
arrangements, there was exhibited an 
alignment chart for finding the dis- 
tances of places on the earth from 
Chicago. 

Professor Sadowsky asked how help- 
ful and how reliable are intuitional fig- 
ures as means of deriving analytical 
relations. Peculiar and surprising fail- 
ures of the eye to detect minor and 
major incongruencies can be easily 
shown. Subdividing an 8” square 
(area = 64 sq. in.) in two right tri- 
angles 3” by 8” and two trapezoids 
(bases 3” and 5”, height 5”), we may 
“put together” those four pieces to 
“make” a rectangle 5” by 13” (area = 
65 sq. in.). The eye fails to detect the 
missing square inch. Subdivided the 
equator of a sphere into a large num- 
ber of equal parts, joining the points 
of divisions by meredians with the poles 
and computing the areas of the narrow 
triangles by means of the plane geom- 
etry formula (one half base times 
height), we find the area of the sphere 
to be z*r? which, by comparison with 
the well-known formula, requires that 
™=4. Professor Sadowsky then went 
on to show that failures of intuition 
as shown above lead to the following 
practical rule: the limit of quantitative 
intuition are finite relations and de- 
tivatives of order one. Any attempt 
directly to cover by intuitional figures 
tases involving derivatives of order two 
(or higher) is utterly unsafe and 
amounts to a suggestive influence. 

Professor Dobbie gave an outline of 
the two-dimensional theory of flight as 
a course for juniors and seniors in 
engineering. The theory requires, in 
addition to the usual calculus course, 
some knowledge of line integration, 
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conformal and potential 
theory. 

Professor Zant spoke of the problem 
of teaching mathematics to men in pre- 
flight courses and noted the diversity 
of texts being used at the various 
schools. He made the following sug- 
gestions: 


A. Give the students the subject 
matter they will need and meth- 
ods of applying that knowledge. 

B. Ignore “college standards” and 
“college courses.” Do not sacri- 
fice what the students will need 
in order to make the course 
“standard.” 

C. Start where the students are with 
reference to knowledge of mathe- 
matics and go as far as possible, 
rather than try to teach them 
something for which they are not 
ready. 

D. Make all assignments and ob- 
jectives clear and precise to the 
students and teachers. 


Professor Thomas stated that the 
object in teaching calculus to engineers 
should be a working knowledge of the 
subject comparable to that of trigo- 
nometry for a surveyor, or commercial 
arithmetic for a bank clerk. The cus- 
tomary approach by way of limits is 
not conducive to this end. This plunges 
the student at the outset into the midst 
of artificial quantities very useful and 
essential in the derivation of the rules 
for differentiation, but remote from the 
art of calculation with which the stu- 
dent is familiar at this stage of his 
development. An approach on the 
arithmetic side to calculus avoids these 
difficulties or postpones them until the 
student is better prepared for their 
consideration. 

In the paper of Professor Bliss, it 


mapping, 


was asserted that the three fundamental 
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notions of the calculus are (1) the de- 
rivative with its interpretations as a 
rate of change and the slope of a 
tangent, (2) the anti-derivative, and 
(3) the definite integral as the limit 
of a sum. These three notions and 
their widely extended applications 
should be emphasized and reémpha- 
sized in a beginning course in the cal- 
culus at the expense, if necessary, of 
time usually devoted to the techniques 
of differentiation and integration. 
Professor Ayres indicted both the 
mathematics teacher and the profes- 


SECTIONS AND BRANCHES 


sional engineer as guilty of contribut- 
ing to the lack of interest of the en- 
gineering student in his mathematics, 
On the positive side, he suggested a 
series of textbooks written primarily 
for the engineering student and stress- 
ing the use of mathematics in engi- 
neering subjects. He also proposed 
merging college algebra with analytic 
geometry and replacing extensive al- 
gebraic drill with problems taken from 
engineering subjects. 
Joun W. CELL, 
Secretary 
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Case School of Applied Science. 
Junior and Senior Divisions of the un- 
dergraduate curricula have just been 
established. Robert R. Slaymaker has 
been appointed Junior Dean. The Ju- 
nior Division will include all freshman 
and sophomore students and will give 
added emphasis to the problems of per- 


College Notes 





sonal adjustment and_ relationships 
which students face in this period and 


_ to an adequate base of general educa- 


tion. The Professional Division, un- 
der the Senior Dean, will include the 
specialized work of the junior, senior 
and graduate years. 


Book Review 


Ambassador to Industry, The Idea 
and Life of Herman Schneider. By 
CiypE W. Park. Indianapolis and 
New York, The Bobbs-Merrill Com- 
pany, 1943. 324 pp., illus. $3.50. 


This diverting full-length biography 
traces the career of a “young man with 
an idea,” who persisted under difficul- 
ties until, in 1906, he established a co- 
operative system for training engi- 
neers. Thus began the educational 
experiment which he developed almost 
uninterruptedly until his death in 1939. 
There is both human interest and edu- 
tational history in the stimulating ac- 
count of his career as youthful mine 
worker, student at Lehigh University, 
practicing architect, engineer on rail- 
way bridge construction, instructor at 
Lehigh, and for thirty-five years Pro- 
fessor and Dean in the College of Engi- 





neering and Commerce at the Univer- 
sity of Cincinnati, an institution which 
he served for a time as President. 

As indicated by the title and by 
Charles F. Kettering’s Foreword, the 
main emphasis is on Dean Schneider’s 
relation with industry. This refers 
not only to teamwork between college 
and industry under the codperative 
plan, but also to his direction of re- 
search projects, like those for the Tan- 
ners’ Council and the Lithographic 
Technical Foundation, and to his ad- 
justment of labor disputes, particularly 
during the First World War. 

The story contains a vivid picture 
of the Dean’s personality and a skill- 
fully interwoven account of his literary 
and art hobbies which resulted in his 
publishing fiction and founding a 
school of Applied Arts. 

Max B. RosINnson. 





Occupational Deferment for Staff Members and 
Students in Engineering and the Physical Sciences 


During the early part of the summer 
of 1943, New York City Headquarters 
of Selective Service asked for an Ad- 
visory Committee on college defer- 
ments in the Scientific and Specialized 
Fields. 

This Advisory Committee has been 
functioning for several weeks and the 
results so far are so satisfactory that it 
seems desirable to pass the idea to 
others. The Committee remains anony- 
mous as far as the college and the reg- 
istrants are concerned. 

The appointment of this Committee 
was announced as Item 5 of Bulletin 
No. 94 of New York City Headquar- 
ters of Selective Service under date of 
July 31, 1943, addressed to Local 
Boards, Registrants, Advisory Boards, 
Government Appeal Agents and Boards 
of Appeal as follows: 


STUDENTS IN SCIENTIFIC AND SPE- 
CIALIZED FIELDS. DEFERMENT. 
ADVISORY COMMITTEE 


Activity and Occupational Bulletin 
No. 33-6, Part I B 3, provides that 
under certain conditions undergradu- 
ate and graduate students engaged in 
study in scientific and specialized fields 
should be considered for occupational 
classification. The result has been to 
flood Local Boards with applications 
in behalf of recent converts to the cause 
of science. Many applications are 
based on a stereotyped recital of regis- 
tration for: an accelerated course and 
supported only by general conclusions 
based on expectation. 


‘This Headquarters has been aware 
of and concerned with this problem for 
a long time. In order to obtain expert 
advice and to assist Local Boards an 
Advisory Committee has been ap 
pointed, consisting of two representa- 
tives of industry, two representatives 
of technical schools and one represen- 
tative of professional engineering socie- 
ties. The Members of the Committee 
are outstanding men of recognized 
qualifications in their field. The Com- 
mittee may be enlarged or expanded 
as occasion may require. 

The purpose of the Committee is to 
advise this Headquarters as to advis- 
able procedures and the presentation 
of precise information to accompany 
application for student deferment. The 
Committee will also review and make 
recommendations to this Headquarters 
in individual cases which may be pre 
sented to them for consideration. 

Local Boards are invited to submit 
to this Headquarters for consideration 
doubtful cases involving application 
for deferment of students in the scien 
tific and specialized fields listed im 
Part I B 3 of Activity and Occupation 
Bulletin No. 33-6. The policy of the 
Committee and this Headquarters will 
be to obtain precise information to aid 
Local Boards in the classification of 
these registrants. _ 

The Committee will meet at frequent 
intervals. All cases submitted by Lo 
cal Boards will receive prompt com 
sideration and returned with the re 
commendation of this Headquarters. 
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Procedures were set up by the Com- 
mittee and sent to the colleges under 
date of August 20, 1943, as a memo- 
randum from the New York City Di- 
rector. This memorandum is: 


New York City Headquarters, Se- 
lective Service System, has set up an 
advisory council consisting of top men 
in the fields of engineering and the 
physical sciences to aid the Local 
Boards, Appeal Boards, Headquarters, 
and the Colleges, in establishing uni- 
form procedures and practices which, 
it is hoped, will insure that every ac- 
tion taken is in the best interests of 
the war effort. The general objective 
of this advisory council is to interpret 
National policy in the light of local 
conditions. 

In its relations with the colleges, the 
council will remain anonymous, and it 
will not receive cases directly from 
them. It will receive from and will 
return to Local Boards, Appeal Boards, 
and Headquarters such cases as they 
wish to submit for advisory comment 
and suggestions. Any member of the 
council who happens to be connected 
with a particular college will not par- 
ticipate in action on cases involving 
students or faculties of that college. 

Difficulties in the handling of stu- 
dent deferments in the past generally 
have been due to inadequate presenta- 
tion of cases by the colleges. Many 
cases presented have contained insuf- 
ficient information to warrant satis- 
factory action and in some instances 
this information has not included a 
statement by a member of the faculty 
who knows the student personally and 
who is able to appraise his prospects 
for success in the profession. The 
official academic record is important 
but it is well known that other factors 
are often of great significance. 


In order that a complete and au- 
thentic picture may be presented to 
the Local Boards on student cases, the 
following procedure is recommended. 
The college should submit four dis- 
tinct kinds of evidence: 


1. A Statement of Information pre- 
pared and signed by the student and 
approved by the department head or 
faculty member designated as student 
adviser as to the facts within his 
knowledge. 

2. Transcript of academic record 
certified by the Registrar. If the stu- 
dent is on probation, this transcript 
should so indicate, with the initial date 
of such probation. If there are other 
requirements for graduation, such as 
honor points, the extent to which the 
registrant is fulfilling them should also 
be indicated. 

3. A Signed Statement by the de- 
partment head or faculty member des- 
ignated as student adviser of the de- 
partment in which the registrant is a 
degree candidate, giving his opinion of 
the student’s fitness for the profession 
for which he is preparing, and the rea- 
sons therefor. This statement should 
indicate the total number of semesters 
or terms normally required for gradu- 
ation, and if the registrant is expected 
to graduate in less than the normal 
period, evidence of his ability to do so 
should be cited. 

4. An Affidavit executed by the 
Dean of the appropriate college. This 
affidavit should certify that the facts 
presented under 1, 2 and 3 are true 
to the best of his knowledge and belief 
and that deferment is requested in the 
National interest, citing the particular 
paragraph and section of the Activity 
and Occupational Bulletin to which 
the case conforms. (At present this 
is Activity and Occupation Bulletin 
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INFORMATION CONCERNING STUDENT WHOSE DEFERMENT IS REQUESTED 





a. Name of Registrant . oe ASE NS EEC : 
PAGMIO  AGOPOSS 5.25 io a IAN) ee eer Home Tele. No. ....... 
Order No. ............ Local Board No. 








and address 





Date of this statement ... 





b. Collegiate History—Please fill in information indicated for each semester or 
term. 


Institution Department Major Subjects Credits Earned Dates From To 














c. The degree the registrant seeks 





Total number of credits required for the degree cece 








Applicable credits earned to date 


Credits for which applicant is mow errrolled ...ccccccceccsossceseenemerneenemneenerentmn 





The date the present term ends _.________:_______. 


The date on which degree is expected 





d. Give outline for the present and future Terms, of the subjects and credit hours 
to be included in the registrant’s planned program for completing require- 
ments for the degree. 


e. Statement by registrant of his occupational objective. 
Statement of his previous occupational experience. 





f. Additional pertinent information furnished by registrant . aa 


g. Signature of registrant ... an 
h. Signature of approval by department authority. 
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No. 33-6, issued March 1, 1943, and 
amended July 1, 1943, copy of which 
is attached to this memorandum.) 
Enclosed herewith is a copy of 
memorandum which might well serve 
as a guide for the preparation and sub- 
mission of data relating to classifica- 
tion. 
GENERAL POLICIES ON STUDENT CASES 


Besides the policies indicated above, 
the following have been adopted by 
the Advisory Council: 

Since occupational deferments are 
granted to meet National needs and in 
the National interest, the colleges 
should request deferments solely on 
this basis. 

The citizenship of a registrant should 
not be a factor in the case unless the 
registrant is known to be anti-Ameri- 
can, a fact which would bar him from 
employment in war industry and thus 
nullify the purpose of deferment. 

Policy on occupational deferments 
is set by National authority and it is 
the responsibility of each college to fol- 
low that policy as accurately as possible. 


DEFERMENT OF TEACHING AND 
ADMINISTRATIVE STAFFS 


In order to be eligible for deferment, 
registrants must meet the conditions 


laid down in the current Activity and 
Occupation Bulletin (at present A. & 
O. Bulletin No. 33-5, issued March 1, 
1943), which lists “by institutions and 
classrooms studies the important occu- 
pations in educational services which 
must be filled by persons capable of 
performing the duties involved in or- 
der that the essential activity may be 
maintained.” The criteria established 
by this bulletin, therefore, must all be 
considered, and the fact, for example, 
that a registrant may be teaching Army 
or Navy personnel does not in itself 
constitute grounds for occupational 
deferment. 

In requesting deferment for teaching 
and administrative staffs, the regular 
FORM 42A should be used, but it 
should be accompanied by a complete 
statement of the registrant’s educa- 
tional background, showing length of 
training received and degrees earned, 
and of his experience record. The 
FORM 42A may be executed by the 
President or Dean of the schools 
involved. 


Arthur V. McDermott, 
Colonel, JAGD, 
New York City Director. 





Report of Committee on Credits for 
In-Service Study 


At the 50th anniversary meeting of 
the Society for the Promotion of Engi- 
neering Education, in Chicago, June 
18-20, 1943, the Council authorized 
the appointment of a committee to 
study the question of evaluation of 
credits for educational work done 
while in military service. The com- 
mittee met in Pittsburgh on November 
1, 1943, and submits the following re- 
port: 

The Committee believes that the col- 
leges should adopt a generous attitude 
in the matter of credits for In-Service 
study provided, however, that recog- 
nition of educational work should be 
on a rational and not an emotional 
basis. It is no kindness to grant 
credits without a sound foundation, 
‘and to do so may prove detrimental 
when professional recognition is con- 
sidered. There should be no blanket 
awards based solely on length of serv- 
ice but credit should be accorded only 
educational work, including military 
and physical training, generally within 
or related to areas represented in the 
curriculum and _ reasonably within 
limits of credit normally granted in 
those areas. 

In determining credit in individual 
cases attention should be given to the 
appropriateness of the proposed credit 
with respect to the basic requirements 
for the degree and special care should 
be exercised. that prerequisite courses 
fulfill that function. 

The Committee hopes that this re- 


port will be adopted by faculties a3 
their general plan and that instit- 
tional committees will carry out the 
specific awards of credit in accordance 
with its general recommendations. 


1. The Problem 


Colleges of Engineering are invol-ed 
primarily in two distinct aspects of 
Credits for In-Service Study, viz.: 

A. Currently—The evaluation of 
the special courses given by the engi- 
neering colleges themselves, and by 
other colleges giving such courses, and 
a proper recording of the credits 
earned. 

B. Subsequently. — Utilization, in 
their application toward degrees, of— 

(1) Such of these credits as are ap- 
plicable. 

(2) Any other credits which may 
eventuate from In-Service Study such 
as: 
(a) Army and Navy courses given 
at posts, etc. 

(b) Armed Forces Institute courses 
given either directly or through exten- 
sion and correspondence divisions of 
colleges and universities. 

(c) Research and thesis studies. 

(d) Practice courses and experi- 
ences, in service. 


2. The Responsibilities 
A’. It would seem to be the respon- 
sibility of the “teaching” unit (that 
agency giving the instruction), pet- 
haps through consideration by a special 
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REPORT OF COMMITTEE ON CREDITS 


committee, to state whether or not the 
courses given are of college grade or 
level, and also what credit it will enter 


upon its own records for the work ° 


done. 

B'. Similarly, it is clearly the re- 
sponsibility of the “utilizing” college 
(that college in which the returning 
student registers for further work) 
following its own procedures, to de- 
termine what credits offered to it are 
to be accepted, what credits are to be 
assigned for work experiences, re- 
search, etc., and to what extent these 
credits meet the requirements in any 
prescribed curriculum, or toward any 


degree. 
3. Procedures 


In order to facilitate the orderly 
transfer of credits from college to col- 
lege. when service men reenter the 
schools of their choice, by establishing 
acommon working ground, with com- 
parable units, the following sugges- 
tions are made for adoption by facul- 
ties, insofar as they are found to be 
practicable to their situations, and ac- 
ceptable : 

A*. (1) When standard credit sys- 
tems are applicable they should be 
used. 

Examples. Courses given by col- 
leges or by extension divisions, con- 
gruent with their own regular courses 
on either semester or term basis— 
Math. 203—Dif. Calc. 5 semester 
credits. 

(2) When the plan upon which the 
instruction is given is not the same as 
the regular system in use by the teach- 
ing college, it is desirable not to con- 
vert the credits to the latter before re- 
wrding, but to defer conversion to the 
time of utilization. The recording 
should be done therefore in terms of the 
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programs themselves, with complete 
identification of programs and classes. 

Examples. Math. AST 401—Int. 
Calculus—5 classh/wk 12 wks. Math. 
NCT—Calculus I—5 class h/wk 16 
wks. Elec. E. AST 405—Elec. & 
Mag. Phenom.—5 class h—3 lab. h/ 
wk 12 wks. 

(3) When educational work is done 
in non-collegiate teaching agencies, the 
records of these agencies should be 
made in detail sufficient to enable the 
later utilizing school fully to identify 
the material covered, the standards 
used, and the quality of performance. 
This record should include, if possi- 
ble, syllabi, schedules, standards of in- 
struction, and qualifications of instruc- 
tors. 

B*. (1) When transferable credits 
are proffered to a college of engineer- 
ing, the college will follow its estab- 
lished procedure in accepting such 
records and in applying them toward 
requirements for degrees. 

(2) When credit is requested by a 
service man for work and experience 
not identifiable by credit records, it is 
recommended that the college deter- 
mine by thorough written examination 
the competence of the applicant in the 
subject under consideration, and re- 
cord whatever credit therein is found 
just and proper, showing in the record 
that the credit is given as the result of 
examination by named professors. It 
is considered desirable that both ques- 
tions and answers become a part of the 
record. Furthermore, it is to be pre- 
ferred that the credit by examination 
be given in terms of its comparable 
regular course. 

Respectfully submitted, 

H. A. FisHer, 

D. B. PRENTICE, 

O. J. Fercuson, Chairman. 





Addendum 


On page 18 of the September 1943 JouRNAL OF 
ENGINEERING EpucaTIon the report of the Treas- 
urer, J. S. Thompson, appeared. There should have 
been a note to this stating that the books had been 


audited by Harry E. Daer, Pittsburgh, Pa., who ap- 
proved the report for 1942-43. 


F. L. BisHop, 
Editor 








